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ABSTRACT 



A mitral annuloplasty and left ventricle restriction device is 
designed to be transvenously advanced and deployed within 
the coronary sinus and in some embodiments other coronary 
veins. The device places tension on adjacent structures, 
reducing the diameter and/or limiting expansion of the 
mitral annulus and/or limiting diastolic expansion of the left 
ventricle. These effects may be beneficial for patients with 
dilated cardiomyopathy. 
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PERCUTANEOUS MITRAL ANNULOPLASTY significant morbidity and mortality. Most valve repair and 

AND CARDIAC REINFORCEMENT replacement procedures require a thoracotomy, usually in 

the form of a median sternotomy, to gain access into the 

This application is a continuation-in-part of U.S. appli- patient's thoracic cavity. A saw or other cutting instrument 

cation Ser. No. 09/494,233 filed on Jan. 31, 2000, entitled 5 is used to cut the sternum longitudinally, allowing the two 

Percutaneous Mitral Annuloplasty and Cardiac Reinforce- opposing halves of the anterior or ventral portion of the rib 

menl. cage to be spread apart. A large opening into the thoracic 

The present invention relates to intravascular prostheses cavity is thus created, through which the surgical team may 

for remodeling an extravascular anatomical structure. In one directly visualize and operate upon the heart and other 

application, the present invention relates to a mitral annu- 10 thoracic contents. Alternatively, a thoracotomy may be per- 

loplasty and cardiac reinforcement device which is translu- formed on a lateral side of the chest, wherein a large incision 

minally implantable in the coronary sinus. is made generally parallel to the ribs, and the ribs are spread 

apart and/or removed in the region of the incision to create 

BACKGROUND OF THE INVENTION a l ar g C enough opening to facilitate the surgery. 

Dilated cardiomyopathy occurs as a consequence of many 15 Surgical intervention within the heart generally requires 

different disease processes that impair myocardial function, isolation of the heart and coronary blood vessels from the 

such as coronary artery disease and hypertension. The left remainder of the arterial system, and arrest of cardiac 

ventricle enlarges and the ejection fraction is reduced. The function. Usually, the heart is isolated from the arterial 

resulting increase in pulmonary venous pressure and reduc- system by introducing an external aortic cross-clamp 

tion in cardiac output cause congestive heart failure. 20 through a sternotomy and applying it to the aorta to occlude 

Enlargement of the mitral annulus and left ventricular cavity the aortic lumen between the brachiocephalic artery and the 

produce mitral valvular insufficiency. This in turn, causes coronary ostia. Cardioplegic fluid is then injected into the 

volume overload that exacerbates the myopathy, leading to coronary arteries, either directly into the coronary ostia or 

a vicious cycle of progressive enlargement and worsening through a puncture in the ascending aorta, to arrest cardiac 

mitral regurgitation. 25 function. The patient is placed on extracorporeal cardiopul- 

According to recent estimates, more than 79,000 patients monar y b yP ass 10 maintain peripheral circulation of oxy- 

are diagnosed with aortic and mitral valve disease in U.S. genated blood. 

hospitals each year. More than 49,000 mitral valve or aortic Of particular interest in the present application are tech- 
valve replacement procedures are performed annually in the niques for the repair and replacement of the mitral valve. 
U.S., along with a significant number of heart valve repair The mitral valve, located between the left atrium and left 
procedures. ventricle of the heart, is most easily reached through the wall 
Various surgical techniques have been developed to repair °. f the left at num, which normally resides on the posterior 
a diseased or damaged valve. One repair technique which side of ^ c neart » opposite the side of the heart that is 
has been shown to be effective in treating incompetence, 35 exposed by a median sternotomy. Therefore, to access the 
particularly of the mitral and tricuspid valves, is mitral valve via a sternotomy, the heart is rotated to bring the 
annuloplasty, in which the effective size of the valve annulus left atrium into an anterior position. An opening, or 
is contracted by attaching a prosthetic annuloplasty ring to atriotomy, is then made in the right side of the left atrium, 
the endocardial surface of the heart around the valve annu- anterior to the right pulmonary veins. The atriotomy is 
his. The annuloplasty ring comprises an inner substrate of a ^ retracted by means of sutures or a retraction device, expos- 
metal such as stainless steel or titanium, or a flexible in 8 the mitra l valve adjacent to the atriotomy. One of the 
material such as silicone rubber or Dacron cordage, covered previously identified techniques may then be used to repair 
with a biocompatible fabric or cloth to allow the ring to be or replace the valve. 

sutured to the heart tissue. The annuloplasty ring may be stiff An alternative technique for mitral valve access has been 

or flexible, may be split or continuous, and may have a 45 used when a median sternotomy and/or rotational manipu- 

variety of shapes, including circular, D-shaped, C-shaped, or lation of the heart are inappropriate. In this technique, a 

kidney-shaped. Examples are seen in U.S. Pat. Nos. 4,917, thoracotomy is made in the right lateral side of the chest, 

698, 5,061,277, 5,290,300, 5,350,420, 5,104,407, 5,064,431, usually in the region of the fourth or fifth intercostal space. 

5,201,880, and 5,041,130, which are incorporated herein by One or more ribs may be removed from the patient, and 

reference. 50 other ribs near the incision are retracted outward to create a 

Annuloplasty rings may also be utilized in combination lar S e opening into the thoracic cavity. The left atrium is then 

with other repair techniques such as resection, in which a exposed on the posterior side of the heart, and an atriotomy 

portion of a valve leaflet is excised, the remaining portions » formed in the wall of the left atrium, through which the 

of the leaflet are sewn back together, and a prosthetic mitral valve may be accessed for repair or replacement, 

annuloplasty ring is then attached to the valve annulus to 55 Using such open-chest techniques, the large opening 

maintain the contracted size of the valve. Other valve repair provided by a median sternotomy or right thoracotomy 

techniques in current use include commissurotomy (cutting enables the surgeon to see the mitral valve directly through 

the valve commissures to separate fused valve leaflets), the left atriotomy, and to position his or her hands within the 

shortening mitral or tricuspid valve chordae tendonae, reat- thoracic cavity in close proximity to the exterior of the heart 

tachment of severed mitral or tricuspid valve chordae ten- 50 f° r cannulation of the aorta and/or coronary arteries to 

donae or papillary muscle tissue, and decalcification of the induce cardioplegia, manipulation of surgical instruments, 

valve leaflets or annulus. Annuloplasty rings may be used in removal of excised tissue, and introduction of an annulo- 

conjunction with any repair procedures where contracting or plasty ring or a replacement valve through the atriotomy for 

stabilizing the valve annulus might be desirable. attachment within the heart. 

Although mitral valve repair and replacement can sue- 65 Mitral valve surgery, including mitral annuloplasty, is 

cessfully treat many patients with mitral valvular usually applied to patients with intrinsic disease of the mitral 

insufficiency, techniques currently in use are attended by apparatus. As described above, these patients may have 
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scarring, retraction, tears or fusion of valve leaflets as well space having a diameter, the prosthesis when adjusted from 

as disorders of the subvalvular apparatus. Definitive repair the first configuration to the second configuration within the 

requires direct visualization of the valve. body space is adapted to compress the adjacent tissue 

Patients who develop mitral regurgitation as a result of structure to thereby reduce its diameter, 

dilated cardiomyopathy do not have intrinsic mitral valve 5 The invention according to another aspect is a medical 

disease. Regurgitation occurs as the result of the leaflets syslem a me dical device for remodeling an extravas- 

being moved back from each other by the dilated annulus. cu i ar tissue structure adjacent to a vessel in a patient. The 

The ventricle enlarges and becomes spherical, pulling the device nas a pr0S (h es is that in a first configuration having a 

papillary muscles and chordae away from the plane of the firsl shape is ada p ted l0 be delivered into and positioned at 

valve and further enlarging the regurgitant orifice. In these 10 i east i n parl within the vessel. The prosthesis is thereafter 

patients, correction of the regurgitation does not require adjustable within the vessel to a second configuration having 

repair of the valve leaflets themselves, but simply a reduc- a shape and ^ adapted lo thus exert a force from 

tion in the size of the annulus and the sphericity of the left within the vessel onto the extravascular tissue structure in 

ventricle. order t0 re model the extravascular tissue structure. 

Mitral annuloplasty without repair of the leaflets or 15 The invention according to another aspect is a medical 

chordae has been shown to be effective m patients with system ^ a medical device for remodeling a mitral valve 

dilated cardiomyopathy who are refractory to conventional ammlus from a sinus in a patient The 

medical therapy. Boiling and coworkers have operated on a prost hesis is adapted to be positioned in the first configu- 

cohort of such patients with New York Heart Association ration at least ^ part a sinus and fa ad ted 

Class ni and IV symptoms. Average symptom seventy 20 t0 remo del a mitral valve annulus adjacent to the coronary 

decreased from 3.9 preoperatively to 2.0 after surgery. sinus when the prosthesis is located at least in part within the 

Hemodynamics and ejection fraction improved significantly. coronary simis and ^ adjusted to the second configuration. 

Other investigators have achieved similar results as well. ^ aspect ^ particularly beneficial for use in performing 

However, the morbidity, risks and expense of surgical annu- mitral valve annulop lasty and treating mitral valve insuffi- 

loplasty are very high in patients with cardiomyopathy and 25 c j enC y 

congestive heart failure. Thus a variety of new techniques According t0 one beneficial mode for these various 

for the treatment of congestive heart failure are being of ^ inveDtion . ide(J ^ hesis 

explored as adjuncts to drug therapy is an elongate body that extends between proximal and distal 

Several cardiac restraint devices have been described. ends 

U.S Pat. No. 5.702,343 to Alfemess discloses a cardiac 30 ^ mowi are &rther beneficia , embodiments and 

reinforcement device that is applied as a jacket over the tM a Ucat f ons for , his mode with , (o , an 

ep.cardmm in order to lmiit d.astohc expansion. However d ^ for US£ 2CCDldi to the , / of ^ mitral 

this requires an open chest operator) to implant and does not valv£ remodelm t of the 

invention. Such further 

duecdy affect the diameter of toe m,tral annulus Another embodimen(s £ n£ generally considered to be benefi- 

approach .s disclosed in U.S. Pat. No^ 5,961,440 to 35 da applicable to ^ edica , tem cts just 

Schweich, et al., m which tension members are placed , J f • r uu * * <u *u 

it . * . ' „ „ . , ...... . described tor the invention with respect to the prostheses 

through opposite walls of the heart such that they span the for remodding Ration generally from within 

ventricle. Uss invasive and 'minimally invasive tech- a ^ Qf mQK ^ from , vcsscl 

niques for valve repair and replacement continue to evolve, livel md in Ucular Without limitation with 

both on a stopped heart and on a beating heart. These 40 ( to ^ mode ^ , ive ^ k an 

techniques may provide some benefils over open chest ^ bo£ , ^ {oUovfin em bodiments and applications 

procedures, but they are stdl attended by significant mor- ^ * to be independently beneficial, and are not 

l l y an mor iyn. ,,. , generally considered mutually exclusive or reliant unless 

A need therefore remains for methods and devices for express i y described as such, 

treating mitral valvular insufficiency, which are attended by 45 ^ ^ ^ embodj ^ ^ bo(J fe 

significantly lower morbidity and mortahty rates ttian are the &d d be rmanentl implanted ta the patienl at leasl 

current techniques, and therefore would be well suited to ^ ^ ^ m in the second configuration 

treat patients with dilated cardiomyopathy. Optimally, the ^ ordef ^ We remodeli of ^ ^ valve 

procedure can be accomplished through a percutaneous, an nulus 

transluminal approach, using simple, implantable devices 50 t ' . - 4 . . ,. . , . 

, . , , . / r , *u a- i i u * lL In another further embodiment, the device further 

which do not depend upon prosthetic valve leaflets or other . " . . * S1UWU ^ UI » U6YiW> . 1 

mo vine carts includes a guidewire tracking member such as a guide wire 

B p ' lumen that is adapted to track over a guide wire in order to 

SUMMARY OF THE INVENTION position the elongate body within the coronary sinus. 

The invention according to one mode is a medical system ss According to another further embodiment, the elongate 

with a medical device for remodeling a tissue structure body is selectively adjustable between the first and second 

adjacent to a body space that is defined at least in part by a configurations while the elongate body is located at least in 

tissue wall in a patient. The medical device has a prosthesis part within the coronary sinus. The elongate body is adapted 

that in a first configuration having a first shape is adapted to to be temporarily implanted at least in part within the 

be delivered into and positioned at least in part within the 60 coronary sinus in the second configuration for temporary 

body space. The prosthesis is thereafter adjustable within the remodeling of the mitral valve annulus and to be thereafter 

body space to a second configuration having a second shape removed from the coronary sinus in the first configuration, 

that is adapted at least in part to exert a force from within the In still another further embodiment, the elongate body 

body space onto the adjacent tissue structure in order to within the coronary sinus comprises a substantially similar 

remodel the adjacent tissue structure. 65 length between the first and second configurations. 

According to one beneficial mode of this aspect wherein In still another further embodiment, the elongate body 

the adjacent tissue structure has a wall that circumscribes a within the coronary sinus is relatively non-expandable while 
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the elongate body is adjusted between the first and second deflects at least a portion of the annuloplasty zone into an 

configurations. In another further embodiment, the elongate arcuate configuration. 

body within the coronary sinus is relatively non- \ n still another particularly beneficial application of the 

compressible while the elongate body is adjusted between forming element embodiment, the elongate body is adjust- 

the first and second configurations. 5 aD l e from the first configuration to the second configuration 

According to a further embodiment, the elongate body has principally by applying a force from the forming element to 

a length between its respective proximal and distal ends that the elongate body. 

is less than about 10 cm. j n one more detailed application, wherein the elongate 

In yet a further embodiment, the device further includes body is adjustable from the first configuration to the second 

a lock for retaining the elongate body in the second con- 10 configuration principally by transmitting an axial force from 

figuration at least in part within the coronary sinus. the forming element onto the elongate body relative to the 

In yet a farther embodiment, in the second configuration longitudinal axis of the embodiment, [n still further detail to 

the second shape for the elongate body at least within the this application, the elongate body may be adjustable from 

coronary sinus defines an arc. the first configuration to the second configuration in 

In a further embodiment, the device further includes an 15 response to proximal retraction of the forming element. In 

anchor for retaining the elongate body at least in part within another regard, the elongate body may be movable from the 

the coronary sinus. In one application, the anchor is pro- first configuration to the second configuration in response to 

vided at a region along a distal portion of the elongate body. distal advancement of the forming element. In the alternative 

In another application, the anchor provides a friction or in addition to these axial force applications, the forming 

enhancing surface for engaging a wall of the coronary sinus. ^ element may be adapted to adjust the elongate body from the 

In another application, the anchor may have at least one barb first configuration to the second configuration at least in part 

for piercing a wall of the coronary sinus. by providing a rotational force along at least a portion of the 

In further applications of the anchor embodiment, the forming element. In one regard, the forming element accord- 
anchor may be provided at the proximal or distal end of the « mg to mis rotational application may include a rotational 
elongate body, or multiple anchors may be provided. One f° rce transmission member coupled to an axial force trans- 
such application provides a proximal anchor that is adapted mission member via a rotational coupler such that rotational 
to be positioned outside of the coronary sinus and against a forces are converted to axial forces to deflect the elongate 
wall of the right atrium in order to anchor the elongate body body. 

at least in part within the coronary sinus. Another such 3Q In a particularly beneficial further application of the 

application is a distal anchor that is adapted to be positioned forming element embodiment, the elongate body is adapted 

within the great cardiac vein when the elongate body is to be uncoupled in the second configuration from at least a 

located at least in part within the coronary sinus. portion of the forming element as a permanent implant 

In still a further embodiment, a forming element is located at least in part within at least the coronary sinus. This 

secured to the elongate body at a point of attachment and 35 may be accomplished by adapting the forming element to be 

that is moveable relative to the elongate body in order to severed while the elongate body is positioned at least in part 

adjust the elongate body within the coronary sinus between within the coronary sinus in the second configuration. In one 

the first and second configurations. regard, a cutting tool may be provided that is adapted to cut 

In one highly beneficial application of this embodiment, & & forming element while the elongate body is positioned at 

the forming element between the point of attachment and the 40 least m P art within the coronary sinus. In another regard, the 

proximal end of the elongate body is substantially circum- forming element includes proximal and distal members that 

ferentially confined by the elongate body. This may be are detachably engaged in a manner that allows for force 

achieved in a further beneficial example by providing the transmission from outside the body of the patient to an 

forming element within a substantially tubular wall or other attachment point to the elongate body, and also for the 

radially confining housing of the elongate body. 45 members to be uncoupled to leave the elongate body and 

In another highly beneficial application, the forming distal member within the patient as a device implant, 

element has a proximal extension that extends proximally In another particularly beneficial further application of the 

from the elongate body and externally of the patient when forming element embodiment, the medical device further 

the elongate body is located at least in part within the includes a lock that is adjustable between disengaged and 

coronary sinus, and the elongate body within the coronary 50 engaged configurations. The disengaged configuration 

sinus is adjustable within the coronary sinus from the first allows the forming element to be moveable relative to the 

configuration to the second configuration by manipulating elongate body in order to adjust the elongate body from the 

the proximal extension outside of the patient. first configuration to the second configuration at least in part 

In another application wherein an anchor is provided for within the coronary sinus. The engaged configuration 
retaining at least a portion of elongate body within the 55 engages the forming element to substantially fix the forming 
coronary sinus, and the axial length of the elongate body element relative to the elongate body when the elongate 
between the anchor and the point of attachment of the D °dy IS m me second configuration at least in part within the 
forming element to the elongate body is within the range of coronary sinus. In a particular application that is highly 
from about 2 cm to about 8 cm. In still another application, beneficial for selective adjustment of the elongate body 
an annuloplasty zone is provided on a proximal portion of 60 between first and second configurations, the lock is selec- 
the body that is adapted to be positioned within the coronary lively adjustable between the engaged and disengaged con- 
sinus for annuloplasty via the coronary sinus, and an anchor figurations. In another beneficial application, locking and/or 
zone is provided on a distal portion of the body. The forming unlocking tools may also be provided in order to adjust the 
element is attached to the body between a mid-point of the l° ck fr° m tne disengaged configuration to the engaged 
annuloplasty zone and a mid-point of the anchor zone, such 65 configuration, or visa versa, respectively, 
that force imparted from the forming element at the point of In another further beneficial embodiment of the medical 
attachment with respect to the proximal end of the body system aspect of the invention, a deployment system is 
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provided that cooperates with the elongate body in order to to the transluminally advancing step. The venous system 

deliver the elongate body or prosthesis in the respective first may be accessed by one of the internal jugular, subclavian, 

configuration and shape to the desired location for subse- or femoral veins. Preferably, the deploying step further 

quent operation for tissue remodeling. In one particularly includes the step of advancing the prosthesis from a first 

beneficial further detailed embodiment, the deployment sys- 5 configuration for transluminal implantation to a second 

tern includes at least in part a delivery member that is configuration to apply pressure to the wall of the coronary 

coupled to the elongate body or prosthesis and is adapted to sinus and thereby reduce and/or restrain the diameter of the 

advance the elongate body or prosthesis into the coronary mitral valve annulus. 

sinus. In accordance with another aspect of the present 
The invention according to another aspect is a method for 10 invention, there is provided a method of performing trans- 
providing a medical device for use in treating a patient from luminal mitral annuloplasty. The method comprises the steps 
within a vein that is associated with the patient's heart. The of providing a catheter which carries a prosthesis, and 
method according to this aspect includes providing an array percutaneously inserting the catheter into the venous system, 
of medical devices, each having a prosthesis or elongate The prosthesis is transluminally advanced into the coronary 
body that is adjustable in-situ from a first configuration 15 sinus, and deployed in the coronary sinus to influence the 
having a first shape to a second configuration having a size of the mitral valve annulus. Preferably, the prosthesis is 
second shape. Each elongate body of each medical device of caused to exert a compressive force on the mitral valve 
the array is constructed to have a unique size relative to the annulus. 

elongate bodies of the other medical devices of the array. The compressive force of one embodiment is generated 

This method aspect also includes choosing the medical 20 by a bias in the prosthesis. In an alternate embodiment, the 

device from the array at least in part based upon a known compressive force is generated by tightening the prosthesis 

measurement for a vein that is associated with the patient's around the mitral valve annulus following the transluminally 

heart. A comparison between the measurement of the vein advancing step. The tightening step maybe accomplished by 

with the unique size for the elongate body of the chosen axial movement of a tightening element with respect to the 

medical device provides indicia that the unique size is 25 prosthesis. 

appropriate for being delivered in the first configuration into In accordance with a further aspect of the present 

the patient's respective vein and for being adjustable within invention, there is provided a method of providing a thera- 

the vein from the first configuration to the second configu- peu tic compressive force against a tissue structure which is 

ration in order to remodel the mitral valve annulus from distinct from a vessel walL mcthod comprises the steps 

within the vein. 0 f positioning a device in the vessel, and exerting a force 

According to one mode of this aspect, the medical device against the wall of the vessel to exert a force against an 

is chosen at least in part based upon a known measurement extravascular tissue structure. Preferably, the positioning 

for a coronary sinus. According to another mode wherein the step is accomplished percutaneously. In one application, the 

vein has a central axis, the known measurement comprises extravascular tissue structure comprises the mitral valve 

at least one of: a length of at least a portion of the vein, a 35 annulus. Thus, the present invention provides a method of 

radius of curvature of the vein along the central axis, and a performing annuloplasty of the mitral valve, comprising 

diameter of the vein across the central axis. positioning a prosthesis in the venous sinus. 

This aspect may be further modified according to another In accordance with a further aspect of the present 

aspect of the invention to include providing the array of ^ invention, there is provided a method of treating a mitral 

devices such that each device is constructed to have at least valve. The method comprises the steps of providing an 

one unique geometry relative to the elongate bodies of the elongate flexible vascular implant, having a first attachment 

other medical devices. This method aspect further includes site spaced axially apart from a second attachment site. The 

choosing the medical device from the array at least in part first attachment site is transluminally advanced through the 

based upon a known measurement for a parameter associ- 45 coronary sinus and coronary venous system to form the 

ated with at least one of (i) a valve associated with the implant into an open loop. The open loop is reduced in size 

patient's heart, and (ii) a vessel associated with the patient's to place tension on the coronary sinus, and the first attach - 

heart. ment site is attached to the second attachment site to close 

Abeneifical mode of this aspect allows the medical device tne loo P and retain tension on the coronary sinus, 
to be chosen from the array at least in part based upon a 5u In accordance with another aspect of the present 
known measurement for a geometric parameter associated invention, there is provided a method of treating the heart, 
with at least one of the mitral valve and the coronary sinus. The method comprises the steps of advancing an implant 
With respect to choosing the medical device at least in part through an access site and into a coronary vein such as the 
based upon a known measurement for a geometric parameter coronary sinus. A forming element on the implant is there- 
associated with the mitral valve, such geometric parameter 55 after proximally retracted while resisting proximal move- 
may be directly or indirectly associated with a mitral valve ment of the implant, thereby forming the implant into a 
annulus of the mitral valve, and may in one particular further desired shape. The access site is thereafter closed, leaving 
embodiment be a diameter of the mitral valve annulus. the formed implant within the coronary vein. 

There is provided in accordance with one aspect of the Preferably, the method further comprises the step of 

present invention, a method of treating mitral valvular 60 locking the implant into the desired shape prior to the 

insufficiency. The method comprises the steps of tran- closing step. The method may additionally comprise the step 

venously advancing a prosthesis into the coronary sinus, and of severing at least a portion of the forming element prior to 

deploying at least a portion of the prosthesis within the the closing step. 

coronary sinus to reduce the diameter of the mitral annulus. A further aspect of the inventioo is a medical system with 

Although deployment can be accomplished in an open 65 a transluminally implantable device for limiting diastolic 

surgical procedure, the method preferably further comprises expansion of the left ventricle. This device includes an 

the step of percutaneously accessing the venous system prior elongate body having a proximal end and a distal end. A first 
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attachment site is provided proximate the distal end of the DETAILED DESCRIPTION OF PREFERRED 

elongate body and a second attachment site proximate the EMBODIMENTS 

proximal end of the elongate body. The first and second The , invention Wes a method and s 

attachment sites are adapted to be secured together In one fof rformin mitral anaplasty and remodeling of the 

mode of this .aspect, the elongate body is flexible « locking 5 kft vemric , e usi , device , hat be inlroduced 

dip is provided for securing the ends. The body adapted to percutaneously, and placed within the coronary venous 

loop through the coronary venous system, and the locking m of ^ ^ ^ devfce exef(s compressive force 00 

clip is adapted to cinch onto the proximal end and distal end ^ mi , ral amulus and left ventricl{!j reduci lhe severit of 

of the flexible elongate body until a requisite amount of mi , ral regurgilation and the size of the left ventricular cavity, 

tension is produced to limit diastolic expansion of the left 10 ^ devjce ^ mMu reduction of ^ mitral annulus and 

vcntncic. constraint of the diastolic expansion of the left ventricle yet 

Further features and advantages of the present invention without the morbidity and other risks associated with open 

will become apparent to those of ordinary skill in the art in cne st surgery. 

view of the detailed description of preferred embodiments The n{ inventors have determined that the coronary 

which follows, when considered together with the attached 15 ^ ^ ^ an for ^ positk)ning 

drawings and claims. of an intravascu i ar prosthesis for remodeling the mitral 

BRIEF DESCRIPTION OF THE DRAWINGS annulus, since they are positioned adjacent the mitral annu- 
lus and interventricular septum. The coronary sinus is con- 

FIG. 1 is a schematic illustration of the heart, showing one tained within the atrioventricular groove, and is in close 

embodiment of the mitral annuloplasty device of the present proximity to the posterior, lateral and anterior aspects of the 

invention deployed within the coronary venous system. mitraJ annulus. The coronary sinus and coronary veins are 

FIG. 2 is a schematic illustration of the mitral annulo- cannulated currently during any of a variety of percutaneous 

plasty device shown in FIG. 1. transvenous diagnostic and therapeutic procedures. Perma- 

FIG. 3 is an overall view and cross-sectional view through 25 nent P lacement of Pacemaker and defibrillator leads within 

a transvenous delivery sheath. ihe coronary sinus and veins is both safe and well tolerated. 

FIG. 4 is a schematic illustration of the delivery sheath ™ c angioplasty system consists of several components, 

and two different embodiments of the implant for extravas- ncrc 15 » dchvcr y ***** intended to be introduced per- 

cular remodeling, one with a forming element and one "itaneously into a central vein such as the internal jugular, 

without 30 SUDC l aviarj or femoral veins and to cannulate the coronary 

" , . .„ „ . , sinus. The implant of the present invention is deployed from 

nG Sisaschematicillustrationofanaltemativeembodi- me deU catheter ^ ^ m venou§ 

meat of the present invention positioned in an open-loop Additional tools ma be laced th h or al the deli 

configuration through the delivery sheath. catheter to position ^ device> app]y elements ^ place> and 

FIG. 6 is a schematic illustration of a heart, having an 35 to control and/or cut the tensioning elements from the 

alternate embodiment of the mitral annuloplasty and cardiac delivery system as will be discussed, 

reinforcement device of the present invention positioned Referring to FIG. 1, there is illustrated a schematic view 

within the coronary sinus and contiguous venous system. of ^ heart 10 having a mifral arjnuloplasty cardiac 

FIG. 7 is a schematic cross-sectional view of one embodi- reinforcement device 40 positioned therein. The heart 10 

ment of a locking device in accordance with the present ^ generally comprises a right atrium 12, in communication 

invention. with the superior vena cava 14 and inferior vena cava 16. 

FIG. 8 is a fragmentary view of a portion of the lock The left ventricle 18 is positioned below the left atrial 

illustrated in FIG. 7, with a locking tool. appendage 20. Relevant portions of the coronary vasculature 

FIG. 9 is a fragmentary view as in FIG. 8, showing an include the coronary sinus 22, which extends from the 

unlocking tool. 45 ostium 24 to the junction 26 of the coronary sinus and the 

FIG. 10 is a perspective view of another device assembly S reat cardiac vein 28. There may be anastomotic connec- 

according to the invention t i° ns 29 between the great cardiac vein 28 and the middle 

FIG. UA is a segmented view of the device assembly cardiac vcin 30 ' » 15 ^ e11 ™de«tood « the art. 

shown in FIG. 10, and shows a partially exploded view of a ° nc embodiment of a mitral annuloplasty and cardiac 

region of the assembly 50 reinforcement device 40 in accordance with the present 

FIG. UB shows a transverse cross-sectional view taken inv ?. nti ? n ^ iUiutialed gBnmlly in the coronary sinus 22 In 

i im nn • r-r^ n a particular, the device 40 extends from a proximal end 42 to 

along UB — 11B in FIG. 11A. * % a aa tl 1 j a* r • , ,i_ 

4 „ A . . . , . a distal end 44. The proximal end 42 lies against the 

FIG. 12A shows an exploded perspective view of one poslerior of the interatrial septum 46. The midportion 

region of another device assembly according to the mven- 55 48 of mc device ^ fe positioncd within thc coronary sinus 

tlon * 22. The transitional section 50 of the device 40 lies at the 

FIG. 12B shows a partially cross-sectioned side view of junction 26 of the coronary sinus 22 and the great cardiac 

a region of a device assembly similar to that shown in FIG. V ein 28. The distal end 44 of the device 40 is lodged in the 

12. great cardiac vein 28. 

FIG. 13 A shows a partially cross-sectioned exploded side 60 The transitional region 50 is designed to reside in the 

view of a distal prosthetic implant region of a device proximal portion of the great cardiac vein 28. By deflecting 

assembly similar to that shown in FIG. 10, and shows the out of the plane of the coronary sinus 22, it serves as an 

distal prosthetic implant region in a first configuration anchor 52 and prevents the device 40 from slipping out of 

during a first mode of use. the coronary sinus 22 when tension is applied. This embodi- 

FIG. 13B shows a similar view as that shown in FIG. 13A, 65 ment of an anchor 52 is very flaccid and flexible, thereby 

and shows the distal prosthetic implant region in a second minimizing the risk of erosion of the device 40 through the 

configuration during a second mode of use. wall of the great cardiac vein or other aspect of the coronary 
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venous system. The proximal end 42 of the device 40 lies lation of the forming element 56 allows the device to be 

outside the ostium 24 of the coronary sinus 22 and is curved moved from a flexible orientation to enable percutaneous 

upward so as to anchor against the posterior aspect of the insertion into the vascular system and navigation into the 

interatrial septum 46. The proximal end 42 is semicircular in coronary sinus, to an arcuate configuration for compressing 

shape and elliptical in profile so that no edges will promote 5 a t i cas t a portion of the mitral annulus. The device 40 may 

erosion of adjacent tissue. bc advanced from the first, flexible configuration to the 

As an alternative anchor 52 to the distal extension of the second, arcuate configuration by either axial proximal 

device 40, any of a variety of structures may be provided. In rctr action or distal advancement of the forming element 56 

general, the deployed device 40 will contact the wall of the ^ ct to mc bod 66> depcnding upon the p art icular 

coronary sinus 22 along the inside radius of its arcuate path. 1Q des ja n 

Thus, a tissue contacting surface 54 on the concave side of , , , , . , _ , 

the deployed device 40 may be provided with any of a In g eneral > the device 40 comprises an elongate flexible 

variety of friction enhancing surface structures, such as a support 58, extending from a proximal end 42 at least as far 

plurality of transverse ridges, teeth or other projections, or ^ a P omt of attachment 60. The support 58 may be a portion 

modified surface textures to enhance friction. Alternatively, of the body 66 or may be a distinct component as will be 

tissue engaging or piercing structures such as barbs may be 15 discussed. The support 58 has a fixed length, and is rela- 

provided on the surface 54 to engage the wall of the tively axially noncompressible or expandable. Thus, proxi- 

coronary sinus 22 to resist movement of the device 40. mal retraction of the forming element 56 compared to the 

While use of such structures as anchors may provide some proximal end of the support 58 will cause the support 58 to 

benefit in certain applications, embodiments herein shown deflect in a first direction. Distal axial advancement of the 

and described are believed to be particularly useful in one 20 forming element 56 with respect to the support 58 will cause 

aspect specifically because they operate without the need for lateral deflection of the support 58 in a second direction, 

such aggressive tissue engagement. It is apparent to one of This basic steering configuration can be embodied in many 

ordinary skill based upon this disclosure that the present forms, which can be optimized by those of skill in the art to 

embodiments provide independent device manipulation and su jt a particular construction for the body 66 depending 

shape control that allow for sufficient forces to be applied to 25 upon the desired dimensions and clinical performance, 

the mitral valve without requiring the possibly harmful ~, c , . e , t , c , , 

effects of puncturing and grabbing tissue within the sinus for ™ c fo ™** f cmcni J 6 t C f f nds f ™ * e P rama , c ° 

the remodeling process In one regard, the independent 42 the device 40 to the point of attachment 60 At 

action of a barbless design allows for adjustment in both the the P omt ° f attachment 60 the forming element 56 is 

tightening and loosening directions with reduced risk of 30 mechanically linked, and preferably, directly linked to the 

significant tissue damage or erosion. In another regard, the su PP ort 58 - Aproximal extension 64 of the forming element 

present device according at least to certain embodiments 56 extends from the proximal end 42 of the device 40, such 

beneficially maintains its length throughout its modified as through an aperture 62. Proximal retraction of the forming 

range of shapes while the sinus and adjacent valve annulus element 56 through the aperture 62 causes the device 40 to 

reduce their dimensions under the force of remodeling. In 35 bend from an ^plantation orientation for navigating the 

still a further regard, the independent action and lack of coronary vasculature during implantation to a formed on- 

tissue piercing and grabbing anchors allow for the device to entation for compression and constraint of the coronary 

be removed from the patient after initial implantation within smus 22 and adjacent structures. 

the sinus, such as for example in the event of complications In the formed orientation, the device 40 preferably pro- 

or in applications intended to be temporary remedial ^ vides a compressive force against the mitral annulus as has 

measures, such as for bridging a patient. Further to this been discussed. This is accomplished by forming the device 

regard, various shapes and sizes of devices may be required into an arcuate configuration. Generally, the best fit curve of 

in a given patient before the appropriate one is found constant radius to which the formed device conforms has a 

according to the observed in vivo response to implantation. radius within the range of from about 1.0 cm to about 2.0 

The specific dimensions, construction details and mate- 45 cm - 

rials for the mitral annuloplasty and cardiac reinforcement The forming element may comprise any of a variety of 

device 40 can be varied widely, as will be appreciated by components, such as a polymeric or metal wire or strand, a 

those of skill in the art in view of the disclosure herein. For multifillament braided or woven line, a metal or polymeric 

example, dimensional adjustments may be made to accom- ribbon, or other structure capable of retaining the device 40 

modate different anatomical sizes and configurations. Mate- 50 under tension in the coronary sinus 22. 

rials and construction details can be varied to accommodate The device 40 further comprises a support 58, which may 

different tensioning mechanisms and other considerations. be the body 66 of the device 40 or a separate element 

In general, the device 40 has an overall length from positioned therein. In an embodiment in which the support 
proximal end 42 to distal end 44 within the range of from 58 is a separate element contained within the device 40, 
about 2 cm to about 10 cm, in an embodiment such as that 55 support 58 may comprise any of a variety of generally 
illustrated in FIG. 2 in which the anchor 52 comprises a axially non -compressible elements such as a metal or poly- 
distal extension of the body 66 for lodging within the great meric wire or column, ribbon, or "bottomed out" spring 
cardiac vein 28. One embodiment of the device 40 includes which facilitates lateral bending but inhibits axial compres- 
an elongate flexible body 66 about eight centimeters in sion upon proximal retraction of forming element 56. A 
length. In this embodiment, the body 66 is preferably 60 nietal ribbon comprising stainless steel, nitinol, or other 
elliptical in cross section so that it will bend in the plane of known materials may be desired in certain embodiments, 
the coronary sinus 22 and mitral annulus when force is due to its ability to influence the plane of curvature of the 
applied to the tensioning element within it (discussed device 40 when in the formed orientation, 
below). Distally the device tapers and transitions to a round The proximal extension 64 of the forming element 56 
cross-section. 65 extends proximally throughout the length of the deployment 

Referring to FIG. 2, there is illustrated an embodiment of catheter, to a control or free end which remains outside of 

the device 40 having a forming element 56 therein. Manipu- the patient during the deployment procedure. Following 
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placement of the device 40 in the coronary sinus, proximal embodiment, the locking tool 125 and unlocking tool 128 
traction on the proximal extension 64 will reconfigure the are conveniently formed from concentric tubular elements as 
device 40 into the formed orientation within the coronary will be apparent to those of skill in the art. The tubular 
sinus, as will be discussed in connection with the method of elements or proximally extending control wires extend 
the present invention. After a sufficient tension has been 5 proximally to controls outside of the patient. Alternatively, 
placed on the coronary sinus, the forming element 56 is any of a variety of ramped engagement surfaces and tools 
preferably axially locked to the device 40, to resist distal can be readily configured to accomplish the lock and/or 
movement of the forming element 56 through aperture 62. release functions in view of the disclosure herein. 
Any of a variety of locks 70 may be provided. Preferably, the The length of the device 40 from proximal end 42 through 
lock 70 is provided on or near the proximal end 42, and, in 10 the point of attachment 60 is generally within the range of 
particular, at or about the aperture 62. The lock may com- f rom about 2 cm to about 10 cm, and, preferably within the 
prise any of a variety of structures, such as a suture knot, rarj g e 0 f from about 6 cm to about 8 cm. The shape of the 
locking clamp or ring, an interference fit, ratchet and pall device 40 is preferably designed to minimize trauma to the 
structures, an adhesive bond, or a compression fit, as will be vascular intima, both during implantation and following 
apparent to those of skill in the art in view of the disclosure 15 placement. This may be accomplished by rounding all edges 
herein, which may come into contact with the vessel wall. Thus, the 
The lock 70 (on any of the embodiments herein) may be cross-section through the mid portion 48 of the device, for 
initially disengaged, so that the forming element 56 may be example, may be elliptical, semicircular or otherwise 
retracted or advanced freely through the aperture 62 while rounded, or rectangular with rounded corners. In general, the 
the physician adjusts the tension on the device 40. After the 20 maximum area of a cross-section of the device 40 will be no 
desired tension is achieved, the lock 70 is activated to more than about 15 mm 2 , and preferably no more than about 
engage the forming element in a manner which will depend 10 mm 2 , for implantation within a human adult, 
upon the lock design. Alternatively, the lock 70 may be The device 40 may be manufactured in accordance with 
biased into an engaged configuration, such as with ratchet or any 0 f a varicty of techniques, which will be apparent to 
cam structures, so that the forming element can only be 25 thosc of ^ in mc art m view of mc disclosure herein. For 
retracted proximally. Preferably, however, the lock will example, the body 66 may be formed by extrusion, injection 
allow the forming element to be released so that the physi- molding, or other techniques. In one embodiment, the form- 
cian can release tension in the device 40 in the event of mg dement 56 is secured at point of attachment 60 to an 
momentary over tightening. elongate flexible support 58 and coextruded within a poly- 
Referring to FIGS. 7-9, there is disclosed one embodi- 30 meric body 66. Alternatively, the forming element 56 and 
ment of a releasable lock 70 in accordance with the present support 58 subassembly may be positioned within a mold 
invention. Although the lock 70 is illustrated as a discrete cavity, and injection molded to produce the final device 40. 
component of the system, it can alternatively be formed The body 66 may comprise any of a variety of biocompatible 
integrally with or attached to the proximal end of the body materials such as various densities of polyethylenes, nylon, 
66, The lock 70 comprises a body 114, which may be in the 35 polyethylene terephthalate, PEBAX, and others which will 
form of an annular collar with a central aperture for axial be apparent to those of skill in the art. 
movement over the forming element 56. The body 114 is Alternatively, the forming element 56 and support 58 may 
provided with one or two or three or more releasable locking be surrounded by a tubular jacket of ePTFE or Dacron 
elements 126 which ramp radially inwardly in the proximal fabric, or other material which is wrapped or stitched onto 
direction. the forming element 56 to produce the final device 40. As a 
Each locking element 126 is provided with at least one further alternative, the subassembly which includes the 
engagement surface 122 for engaging the forming element forming element 56 and, if present, support 58 may be 
56. The forming element 56 may be provided with any of a positioned within a suitable length of tubing formed such as 
variety of friction enhancing surface textures or structures to 45 by extrusion. The tubing may be drawn down to a reduced 
enhance the locking function. Thus, a locking zone along the diameter at the distal end 44. Additional post extrusion steps 
forming element may be provided with an etched surface or may be used to produce the desired cross-sectional configu- 
friction enhancing coating. Alternatively, structures such as ration. Manufacturing techniques for the present invention 
a plurality of beads or teeth can be provided to permit an will be apparent to those of skill in the art in view of the 
interference fit with the engagement surface 122. 5Q disclosure herein. 

The engagement surface 122 is movable between a first, Any of a variety of additional features may be added to 

disengaged configuration and a second, engaged configura- the device 40, depending upon the desired clinical perfor- 

tion. This may be accomplished by pivoting the locking mance. For example, the outside surface of the body 66 may 

element 126 about a fulcrum 118. In the illustrated be provided with any of a variety of coalings, such as 

embodiment, fulcrum 118 is formed by an annular ring 119. 55 Paralene, PTFE or others to improve lubricity; heparin or 

Alternatively, the fulcrum 118 can be formed by plastic other antithrombogenic agents; elastomers such as silicone, 

deformation of an integral structure, such as a living hinge neoprene, latex or others to soften the surface and reduce the 

formed by one or more annular grooves in the body 114. risk of trauma to the vascular intima, and the like. Adhesion 

The locking elements 126 may be biased in the locked enhancing surfaces may be provided, such as ePTFE patches 

direction, unlocked direction, or neutrally. Locking may be 60 ° r jackets, to promote cellular ingrowth for long term 

accomplished by pressing distally on a locking surface 124 anchoring. In addition, depending upon the deployment 

such as with a locking tool 125 (FIG. 8) which applies distal system design, the body 66 may be provided with a 

pressure on the ramped locking element 126 at a point which guidewire lumen extending axially therethrough, to allow 

is displaced radially inwardly from the fulcrum 118. Unlock- the Dod y 66 10 De advanced distally over a guidewire during 

ing may be accomplished by distally advancing an unlock- 65 placement at the treatment site. 

ing tool 128 against a release surface 120 which is displaced The device 40 may be implanted within the coronary 

radially outwardly from the fulcrum 118. In one sinus 22 either through direct surgical (e.g. thoracotomy 
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with or without sternotomy) access, such as in combination forming element is advanced through the sheath 74. This is 
with another surgical procedure, via port access, or remotely used to push the device 40 to the proper location with the 
by way of a percutaneous or surgical cut down access to the distal tip 44 in the distal portion of the great cardiac vein 28. 
venous system. Preferably, the device 40 is implanted in a Using counter traction of the forming element and the 
transluminal procedure, such as by way of a percutaneous 5 dilator, the device is curved until the appropriate degree of 
access at one of the internal jugular, subclavian, or femoral annular remodeling has been achieved. A locking ring 70 on 
veins. the forming element that is interposed between the dilator 
Referring to FIG. 3, there is disclosed a deployment and the device prevents the forming element from slipping 
system 72 for deploying the device 40 of the present distally once the device 40 has been curved. A locking ring 
invention. The deployment system 72 comprises an intro- 1Q 70 that can be released by using a dilator with a different tip 
ducer sheath or catheter 74 for percutaneous venous access geometry may also be employed. After satisfactory deploy- 
procedures. In some circumstances, however, the system 72 ment and deflection of the device 40, the forming element 56 
includes a first introducer sheath 74 for simply gaining is cut with a cutting tool (not illustrated) that is placed 
percutaneous access into the vasculature at a remote location through the introducer sheath. 

from the heart, and aslideably engageable second introducer J5 A second embodiment of the device does not contain an 

sheath or guiding catheter is deliverable through such a axially moveable forming element. Instead, a core of springy 

percutaneous introducer sheath. Introducer sheath 74 has an memory material such as nitinol or other NiTi alloy is 

elongate flexible tubular body 76 extending from a proximal pre-formed to have the required configuration. When the 

end 78 to a distal end 80. A preset curve 82 is provided near device is pushed out of the delivery catheter into the 

the distal end 80 of the tubular body 76, as is known in the 2Q coronary venous system, the spring force within the core 

cardiac access catheter arts. At least one lumen 84 extends applies the requisite force to remodel the annulus. This 

through the tubular body 76. In one embodiment, the lumen embodiment does not require a tensioning element or a tool 

84 has a noncircular cross section, such as an ellipse having to disconnect it from the delivery system. However, the 

the major axis perpendicular to the plane of curvature of the magnitude of force applied to the annulus cannot be 

introducer sheath 74. adjusted. 

Introducer sheaths are well known in the art, and may be A third embodiment is deployed as a loop through the 

manufactured such as by extrusion, with or without a coronary venous system, to form a left ventricular girdle 

braided reinforcement structure in the wall. The length and 100. See FIGS. 5-6. The ventricular girdle 100 comprises an 

diameter of the introducer sheath 74 may vary considerably, elongate flexible body 102 having a proximal end 104 and 

depending upon the dimensions of the device 40 as well as 30 a distal end 106. A first control line 108 extends proximally 

the access point for percutaneous access into the vascular from the proximal end 104, and a second control line 110 

system. For a femoral vein access, for example, the intro- extends distally from distal end 106. The first and second 

ducer sheath may have a length within the range of from control lines 108 and 110 may be different portions of the 

about 80 cm to about 120 cm. Preferably, the outside same wire, which extends continuously throughout the 

diameter of the introducer sheath 74 is no more than about 35 length of the body 102. The wire may be a single strand or 

10 French (approximately 3.3 mm). mu lti strand component, a length of hypodermic needle 

A pusher or dilator 86 as shown provides specific embodi- tubing, a spring coil, or other structure known in the medical 

ments for a broader aspect that is a delivery member used in guidewire arts. Preferably, the first and second control lines 

an overall assembly for delivering, i.e. advancing or have a diameter within the range of from about 0.009" to 

pushing, the device prosthesis into the coronary sinus in a 40 about 0.018", although larger diameters may also be used 

translumenal procedure, as is apparent to one of ordinary particularly for the first control line 108. 

skill based upon the figures and accompanying disclosure The distal control line 110 is advanced through an intro - 

herein. Delivery member or dilator 86 has an axial length of ducer sheath into the great cardiac vein 28 and then through 

from about 10 cm to about 20 cm greater than the axial anastomotic connections 29 into the middle cardiac vein 30. 

length of the introducer sheath 74. Dilator 86 has an outside 45 Continued advancement results in the tip of the distal control 

diameter which is less than the inside diameter of the lumen line 110 emerging from the ostium 24 of the coronary sinus 

84, so that the dilator 86 may be freely axially advanced 22. The control line 110 is then harnessed with a snare and 

through the lumen 84. The dilator 86 is provided with a pulled retrogradely through the delivery catheter as illus- 

central lumen 88, for axially moveably receiving the proxi- trated in FIG. 5. The body 102 is then pulled into the 

mal extension 64 of forming element 56. 50 coronary venous system. The body is preferably larger in 

When assembled for deployment of a device 40 within the diameter than the first and second control lines 108 and 110, 

coronary vasculature, a device 40 is positioned within a and preferably elliptical or otherwise noncircular in cross 

distal portion of the lumen 84. The dilator 86 is positioned section. This shape enlarges the transverse tissue contact 

proximal to the device 40 within the lumen 84, and the surface area and reduces the risk of erosion when tension is 

proximal extension 64 of forming element 56 extends proxi- 55 applied to the loop. Both the proximal and distal ends of the 

mally through central lumen 88 of dilator 86. During proxi- loop are threaded through a locking clip 112. A dilator is 

mal movement of the introducer sheath 74 with respect to used to push the clip 112 through the delivery catheter to the 

the dilator 86, a distal surface 90 on dilator 86 resists level of the coronary sinus ostium. Using counter traction on 

proximal movement of the device 40. Thus, the device 40 the dilator and the first and second control lines 108 and 110, 

may be deployed from the distal end 80 of introducer sheath eo the clip 112 is cinched on the loop until the requisite degree 

74. In addition, proximal retraction of the proximal exten- of tension is produced. Finally, the device is separated from 

sion 64 while proximal movement of the device 40 is the delivery system using a cutting tool to cut the first and 

prevented by surface 90 causes the device 40 to advance second control lines 108 and 110, and possibly proximal and 

from its deployment configuration to its implanted configu- distal ends 104 and 106 to the extent they extend proximally 

ration. 65 from clip 112. 

Once the coronary sinus 22 has been cannulated by the The overall length of the embodiment illustrated in FIG. 

introducer sheath 74, the dilator that is loaded over the 5 should be sufficient that both of the first control line 108 
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and second co Dtrol line 110 can extend outside of the patient, coupler 280. In order to maintain releasable axial engage- 
while the body 102 extends throughout the pathway of the ment of this keyed coupling, a flexible member such as a 
ventricular girdle 100 as illustrated in FIG. 6. For a percu- filament 240 is looped through an aperture 283 through 
taneous femoral vein access, the overall length of the device proximal end 281 of rotational coupler 280 with both 
is therefore preferably at least about 200 cm, and generally 5 filament ends 242 and 244 extending proximally through 
within the range of from about 220 cm to about 260 cm. The inner member 225 to a location in proximal coupler. This 
length of the body 102 from proximal end 104 to distal end filament 240 is generally held in sufficient tension to keep 
106 is preferably sufficient to form a closed loop as illus- the distal keyed fitting engaged, though it is further con- 
trated in FIG. 6. Although both heart size and the shape of templated that the mere presence of the filament may 
the vascu lar pathway will vary from individual to individual, 1Q provide an interference against uncoupling if there is a 
the length of the body 102 is generally within the range of sufficiently tight tolerance in the male/female interface of 
from about 6 cm to about 12 cm. The body 102 may be the keyed fitting. 

injection molded, extruded as a tube, or coextruded over the Rotational coupler 280 is rotationally engaged within 

wire which forms first and second control lines 108 and 110. proximal end portion 252 of prosthesis 250 through proxi- 

Preferably the body 102 either comprises or is coated with J5 ma i port or aperture 251 such that rotational coupler 280 is 

a material which is sufficiently compliant to minimize adapted to rotate within and relative to the prosthesis. This 

trauma to the vascular intima. Also, the transverse width of relative rotation is converted to force a deflection of pros- 

a tissue contacting surface 113 on body 102 is preferably thesis 250 into the desired shape of the second configuration 

sufficient to distribute compressive force to minimize the m s ft u as follows. 

risks of localized pressure necrosis within the coronary ffl Accordmg to one aspect of the rotational coupling, the 

vems * prosthesis 250 is preferably held to resist rotation while 

FIGS. 10-13B variously show another particular device rotation coupler 280 is rotated within the prosthesis 250. 

assembly 200 that includes various aspects that are believed This may be achieved simply by frictional forces of sur- 

to be readily adapted for use according to various of the rounding tissue as prosthesis 250 is delivered into the 

embodiments of the present invention as introduced above. ^ desired vessel such as the coronary sinus. According to 

In general, FIG. 10 shows an overall view of assembly another example, this may be achieved by providing a 

200 that includes a delivery assembly 210 which is engaged releasable interface 218 such as a friction fit between outer 

to a prosthesis 250. According to similar overall delivery member 215 and proximal end portion 252 of prosthesis 

systems and methods elsewhere herein described, prosthesis 250, wherein the frictional engagement of outer member 215 

250 is adapted to be delivered in a first condition and shape 30 and prosthesis 250 are held in a relatively fixed position 

into a vessel at least in part by manipulation of delivery while inter member 225 and rotational coupler 280 are 

assembly 210. Once in the desired region of the target rotated. This embodiment is shown in FIG. 11A. In addition 

vessel, prosthesis 250 is adapted to be adjusted to a second or in the alternative to the friction fit interface, a keyed 

condition and shape within the vessel in order to influence interface may be employed as shown in FIGS. 12A-B. 

an adjacent tissue structure. As also elsewhere herein 35 According to this mode, a shaped proximal fitting 253 on the 

described, a particularly beneficial mode of such operation proximal end 252 of prosthesis 250 is adapted to mate as a 

places the prosthesis 250 within a coronary sinus for the male counterpart into a shaped aperture or fitting on the 

purpose of influencing a mitral valve annulus, more specifi- distal end 212 of outer member 215. This keyed interface 

cally in order to influence the shape of the annulus in order allows for rotational coupling between the members in a 

to reduce mitral valve regurgitation. 40 similar manner as just described for the inner member 225 

FIGS. 11A-B show the proximal aspects of device assem- and rotational coupler 280, and may allow for a more 

bly 200, and in particular various details for delivery assem- releasable coupling with reduced friction upon axial detach- 

bly 210 that includes an outer member 215 that is generally ment of the members. 

tubular with an inner lumen 216 that is sized to house an According to another aspect, the rotational forces from 

inner member 225. Inner member 225 in the variation shown 45 rotational coupler may be converted to deflection forces on 

is generally tubular and is substantially free to rotate within the prosthesis 250 according to one example as illustrated in 

lumen 216 by providing rotational force to inner member the specific illustrative embodiment of FIGS. 10-13B, and 

225 proximally outside of the patient's body. According to in particular detail in FIGS. 13A-B. Prosthesis 250 includes 

the example shown, this rotational force is applied to inner a generally tubular wall or body 260 that has an inner lumen 

member 225 via a thumbwheel 205 that is provided on 50 262 and extends from the proximal end portion 252 to the 

proximal hub assembly 201 that is coupled to proximal end distal end portion 254 of prosthesis 250. Secured along 

portion 211 of delivery assembly 210. Thumbwheel 205 is proximal end portion 252 is a nut fitting 263 that has a 

rotationally coupled to inner member 225 within hub assem- grooved inner bore 264 which communicates with inner 

bly 201, which rotational coupling may be achieved accord- lumen 262. Further to this specific embodiment, rotational 

ing to a number of adaptions as would be apparent to one of 55 coupler 280 is a screw member with outer groove or grooves 

ordinary skill. 285 engaged within the mating grooved inner surface (not 

Rotation of inner member 225 is transmitted into rotation shown) of a bore lumen 264 such that a distal end of screw 

of a rotational coupler 280 that is engaged within a proximal member 285 extends distally within lumen 262 and termi- 

end portion 252 of prosthesis 250 as follows. Inner member nates at a second key fitting 287 similar to the shaped 

225 has an aperture 228 on its distal end portion that 60 proximal end portion 282 and also having an aperture 288. 

provides a female counterpart of a mated key interface Similar to the proximal end of rotational coupler 280, 

between the inner member 225 and a male counterpart another flexible member or filament 290 is looped through 

provided by a shaped proximal end 281 of a rotational aperture 288 such that two arms 292,294 extend distally 

coupler 280 that is also rotationally engaged within a therefrom to an attachment point along distal end portion 

proximal end portion 252 of prosthesis 250. The keyed 65 254 of prosthesis 250. Because nut fitting 263 is fixed in 

fitting between inner member 225 and rotational coupler 280 relation to outer tubular body 260, and because that tubular 

allows for transmission of rotational forces to rotational body is held relatively fixed position as provided above, 
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rotation of rotational coupler 280 moves coupler 280 proxi- ber with a guidewire lumen 265 which is adapted to slide- 

mally relative to body 260. This proximal axial translation of ably engage a guidewire 230 in order to be placed in a 

rotational coupler pulls tension on filament 290, which pulls percutaneous translumenal procedure into the desired vessel 

tension on the body 260 due to the distal attachment This location, such as within the coronary sinus. The particular 

tension on outer body 260 forces a deflection of that body. 5 guidewire lumen shown is integral within the distal aspects 

Therefore, rotational forces are translated into tensile forces of prosthesis 250 as a "rapid exchange" or "monorail" 

which are translated into radial deflection forces relative to design that allows for relatively independent movement of 

the longitudinal axis L of the device. the guidewire and catheter in vivo. Moreover, this design 

The forced deflection just described may be controlled in removes the need for the guidewire to ride coaxial through 

a particular plane by providing a composite structure within 1Q the entire device assembly 200, as would be the case for 

prosthesis 250 that is engineered to respond, i.e. yield, to example in an "over the wire" type system. The type shown 

these forces in a prescribed way. In the specific desirable beneficially allows for detachable engagement of prosthesis 

embodiment shown, a relatively rigid spine member 270 is 250, which is preferably achieved after withdrawing the 

provided within lumen 262 of outer tubular body 260. This guidewire from the distal lumen 265. 

spine member 270 is more rigid and more resistant to axial , n ^ Qf ^ fof . imp i aritation methodS) the phy . 

forces than the material of outer tubular body 260 alone and sici efera51 mom *orslhe degree of regurgitation during 

therefore providing spine member 270 along only one radial 4 , 4 Ct - • . i . A , 4U Z j • 

aspect of the prosthesis 250 creates a bias on the device to the st fP °f tightening the implant. Although any reduction in 

deflect away from that spine toward a more compressive mi ** re ^ r g" atl0n mav u be desirable, regurgitation is pref- 

region of the device. Such composite design may further erabl y reduced t0 southing less than moderate (less than 

include a laminant structure, imbedded wire reinforced wall 20 2 V- In event > at least a one reduction is preferably 

structure, or may be achieved by engineering material varia- achieved. On the other hand, reconfiguration of the implant 

tions in the device, such as for example by thinning, should not be accomplished to an extent sufiBcient to produce 

thickening, hardening, or softening the material at one mitral stenosis, or any flow limitation of hemodynamic 

location along the outer tubular body 260 relative to another significance. 

region to force deflection at a desired location. 25 Thus, the method of implantation preferably further com- 

As may be achieved by other controllable embodiments prises the steps of monitoring the degree of mitral regurgi- 

elsewhere herein described, deflection according to the tation during the implantation and/or reconfiguration steps, 

present embodiment may be adjusted according to a health- The degree of mitral regurgitation may be monitored such as 

care provider's desires, and is adjustable in either by transesophageal echo cardiography, surface echo 

direction— by either tightening the radius of curvature R or 30 cardiography, intracardiac echo cardiography, fluoroscopy 

opening it. According to this specific embodiment however, using radiocontrast in the left ventricle (LVgram), or left 

the adjustability of and choice between tightening and atrial or pulmonary capillary wedge pressure tracings, as are 

loosening of the deflection depends upon the direction and understood in the art, during the incremental restriction of 

extent of rotation placed upon the rotational force transmis- the mitral annulus and/or left ventricle step. Once a sufficient 

sion system. 35 reduction in regurgitation has been achieved for a particular 

In any event, once the desired deflection is achieved and patient in the physician's judgement, the device is locked 

desired therapeutic results are observed, the prosthesis 250 and the proximal extension of the forming element is 

may be detached from the delivery assembly 210 by sever- severed from the device and removed from the patient, 

ing the torque or rotational force transmission system at the The method may additionally comprise the step of mea- 

keyed fitting between the inner member 225 and the rota- 40 suring the coronary sinus and/or other coronary vein, and 

tional coupler 280. This is accomplished by first releasing at selecting an appropriately sized implant from an array of 

least one arm 242,244 of the proximal filament 240 while implants of varying sizes. Such parameters may include 

withdrawing the other arm, thereby threading the filament diameter, length, or radius of curvature of the arc of the 

240 through aperture 283 (as shown in bold arrows in FIG. sinus. The appropriately sized implant is thereafter posi- 

13 B) until it is unthreaded completely from the aperture 283. 45 tioned within the target vein. The implant is thus preferably 

This allows inner member 225 to be withdrawn proximally provided in a graduated array of sizes, so that the optimal 

from rotational coupler 280 to detach therefrom and thereby size can be selected for each patient. The size of the coronary 

implant prosthesis 250. Alternatively, as with other adjust- sinus or other vein can be measured using any of a variety 

able deflection systems herein described, the prosthesis may of techniques, such as echo cardiogram, MRI, CT scan, or 

be held in its therapeutic condition for a temporary period of 50 angiography as is understood in the art. Moreover, as is 

time (which may nevertheless be prolonged during a hos- apparent to one of ordinary skill, measuring a parameter of 

pital stay), during which time mitral valve regurgitation may the coronary sinus generally provides indicia of certain 

be minimized, such as for example for the purpose of parameters of the mitral valve and its annulus, such as for 

bridging the patient in a temporarily improved condition example mitral valve diameter, in which case either the 

until other treatments may be performed, e.g. annuloplasty, 55 coronary sinus parameter or the mitral valve parameter may 

valve surgery, heart transplant, etc. In this alternative tem- provide the requisite information for choosing an appropri- 

porary setting, at the appropriate time the deflected, con- ately dimensioned device from the kit. It follows that such 

traded prosthesis may be adjusted back open from its mitral valve parameters may further be measured directly, 

cinched position around the valve, and then withdrawn such as by various of the methods just described, in order to 

without implantation by withdrawing the entire system, eo generate the values used for choosing the appropriate device, 

delivery assembly still engaged to the prosthesis. Moreover, Once a parameter for an anatomical feature is measured as 

it is further contemplated that such a temporary prosthesis herein described, its value is generally estimated according 

may be modified to remove the detachment mechanisms to the accuracy of the respective measuring tool — it is 

herein described, which may provide for a simpler and lower contemplated that persons without specialized medical skills 

cost device. 65 or training can choose the appropriate medical device from 

Device assembly 200 is also shown in various of the the kit once armed with this estimated value. For example, 

FIGS. 10-13B to include a distal guidewire tracking mem- packaging for each device of the kit may indicate the 
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respective dimensions that are unique to that device with steps by persons of skill in the art in view of the disclosure 

respect to other devices of the kit, and the estimated value herein. The scope of the invention is therefore not intended 

of the measured anatomical parameter may simply be com- to be Limited by the specific embodiments disclosed herein, 

pared. but is intended to be defined by the full scope of the 

It is contemplated and apparent that various of the 5 ^ 0 ^j^j^ Maimed ' 

embodiments herein described are adapted to accomplish . A a I s c aim f ^ . - . ... . A . a 

, . . .. .... r * •» 1 1. An implant for positioning within a vessel to influence 

device manipulation within the coronary sinus for mitral t .% c r . & . . 

1 a t ' *u . u ♦ 11 u - .u 1 *u f tissue outside of the vessel, comprising: 

annulus reduction without substantially altering the length of , 

the device within the sinus. This may provide a benefit by an elongate flexible body, having a proximal end and a 

increasing the useful purchase of the device along the w distal end, each of the proximal and distal ends dimen- 

coronary sinus and circumferentially around the mitral annu- Sl0ned t0 reside completely within the vascular system; 
lus as the sinus length and/or annulus diameter may be 

reduced during remodeling from the radial deflection of the a forming element attached within the body, the forming 

prosthetic device. This may also mean that the dimension of element comprising a polymeric strand; 

the device in a kit of devices may not directly correspond to 15 wherein rotation of at least a portion of the forming 

the estimated value of the anatomical parameter that is element with respect to the body changes the shape of 

measured. For example, the compared value of the measured tDe body from an implantation configuration to a 

device parameter may be shorter than an estimated coronary remodeling configuration, wherein at least a portion of 

sinus length due to a possible shortening of the sinus during the forming element remains attached to the body 

device treatment. Or, the anatomical parameter may be 20 following implantation. 

estimated from an initial value based upon an anticipated or 2. An implant as in claim 1, wherein the body is reversibly 

desired final result from treatment and such procedurally movable between an implantation configuration for translu- 

related value be used for choosing the appropriate device minal implantation and a remodeling configuration for exert- 

(e.g. comparing an estimated final length of the sinus or ing a force against a vessel wall. 

mitral valve diameter with a known dimension of the device 25 3. An implant as in claim 2, wherein the body defines an 

in the remodeling configuration when used in situ). arc wne n in the remodeling configuration. 

As a further aspect to the present invention, the implant is _?/ ^ im P lant as m <* aim 3 > wher * in a fit constant 

preferably combined with an appropriate drug therapy for radius ™™ corresponding to the arc has a radius within the 

treating congestive heart failure. Residual regurgitation and range of from about 10 mm to about 20 mm. 

other hemodynamic functions are preferably measured fol- 30 5 : ^plant as * claim 1, former comprising a lock for 

lowing implantation of the implant of the present invention. retaming the body in the remodehng configuration. 

Heart medications are preferably adjusted to take into 6. ^ implant as in claim 5, wherem the lock comprises 

account the reduction in regurgitation and/or reduction in a l ° CJ ^ n S nn 8- 

left ventricle volume in formulating an ongoing drug therapy 7 ; An implant as in claim 5, wherem the lock comprises 

for the patient. 35 an interference fit. 

o*mi c ^. . L . v »i_ . • *t_ * 11 8. An implant as in claim 5, wherein the lock comprises 

Still further, the aspect of the present invention that allows aQ a( jhesive Don d 

for temporary use in the sinus for mitral valve remodeling as n A . , . ' . t . - . . . * 

, . , * J . . • • ..... . 9. An implant as in claim 5, wherem the lock comprises 

a bridging regime in combination with other permanent a sumre 

treatments such as more conventional angioplasty or valve m w M ^ iQ claim wherein ^ lock ^ 

replacement via surgery. Such combined systems of devices - 

and respective methods of use, which may further be com- 1t ? ' . , . , . - . . , , 

• » * « . • 1 j k 11. An implant as m claim 5, wherein the lock comprises 

bined with the pharmaceutical drug regimes, provide an a ression fit 

overall treatment regime that provides a highly beneficial 11 *! ,!L°w ' :„ ^i 0 ; m c „ 7 u oro : n ,u 0 i^v 1£W 

result for management of patients with harmml mitral valve 45 a ^ impUnt tt m claim 5 ' wher61 ° ^ lock com P rises 

regurgitation. ^ ^ implant as in claim 5, wherein the lock comprises 

In accordance with further aspect of the present invention, an engagement surface, which is movable between a first, 

there is provided a method of constricting the left ventricle. disengaged configuration and a second, engaged configura- 

Left ventricular constriction may be desirable in patients t j on 

without mitral regurgitation. One implementation of this 50 14 ^ implant te in claim 5> wherein tne lock is biased 

method comprises implanting the ventricular girdle 100 as m a i 0 & t $ direction 

illustrated, for example, in FIGS. 5 through 6 and previously 15 ^ implant ^ in claim s> wnerein tbe lock is biased 

discussed herein. in u unlocked direction. 

Any of the embodiments disclosed herein may addition- 16. An implant as in claim 5, further comprising a coating 

ally be provided with one or more externally facing electri- 55 on the body. 

cally conductive axially extending strips or annular bands, to 17. An implant as in claim 1, further comprising an anchor 

enable the device 40 to function additionally as a cardiac for retaining the implant at a deployment site within a vessel, 

pacing or other cardiac electrode. The electrically conduc- 18. An implant as in claim 17, wherein the anchor 

live band or bands are placed in electrical communication comprises a distal extension of the implant, 

with a pacing source or diagnostic instrument by way of one 60 19. An implant as in claim 17, wherein the anchor 

or more electrical conductors extending away from tbe comprises a friction enhancing surface structure for engag- 

device 40. The conductors may be electrically connected to m g the wall of the vessel. 

any of a wide variety of electronic cardiac rhythm manage- 20. An implant as in claim 17, wherein the anchor 

ment devices, which are well known in the art. comprises at least one barb for piercing the wall of the 

Although the present invention has been described in 65 vessel, 

terms of certain preferred embodiments, it may be incorpo- 21. An implant as in claim 1, wherein the body has an 

rated into other embodiments or performed through other axial length of no more than about 10 cm. 
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22. An implant as in claim 1, wherein the maximum cross 45. An implant as in claim 43, wherein the anchor 
sectional dimension through the implant is no more than comprises a friction enhancing surface structure for engag- 
about 10 mm. ing the wall of the vessel. 

23. An implant as in claim 1, further comprising an axially 46. An implant as in claim 43, wherein the anchor 
extending support in the body, attached to the forming 5 comprises at least one barb for piercing the wall of the 
element. vessel. 

24. An implant as in claim 1, wherein the forming element 47. An implant as in claim 27, wherein the body has an 
comprises a metal wire. axial length of no more than about 10 cm. 

25. An implant as in claim 1, wherein the forming element 48. An implant as in claim 27, wherein the maximum 
comprises a multifilament structure. 10 cross sectional dimension through the implant is ao more 

26. An implant as in claim 1, wherein the forming element than about 10 mm. 

comprises a screw thread. 49. An implant as in claim 27, further comprising an 

27. An implant for positioning within a vessel to influence axially extending support in the body, attached to the form- 
tissue outside of the vessel, comprising: ing element. 

an elongate, flexible body, having a proximal end and a 15 50. An implant as in claim 27, wherein the forming 

distal end, each of the proximal and distal ends dimen- element comprises a polymeric strand, 

sioned to reside completely within the vascular system; 51. An implant as in claim 27, wherein the forming 

and element comprises a multifilament structure. 

a forming element attached within the body, the forming 52. An implant for positioning within a vessel to influence 

element comprising a screw, at least partially within the 20 tissue outsidc °f the vessel, comprising: 

flexible body; an elongate, flexible body, having a proximal end and a 

wherein rotation of at least a portion of the forming distal end, each of the proximal and distal ends dimen- 

element with respect to the body changes the shape of t0 reside completely within the vascular system; 
the body from an implantation configuration to a 

remodeling configuration, wherein at least a portion of 25 a forming element attached within the body, the forming 

the forming element remains attached to the body element comprising a multifilament structure; 

following implantation. wherein rotation of at least a portion of the forming 

28. An implant as in claim 27, wherein the body is element with respect to the body changes the shape of 
reversibly movable between an implantation configuration the body from an implantation configuration to a 
for transluminal implantation and a remodeling configura- 30 remodeling configuration, wherein at least a portion of 
tion for exerting a force against a vessel wall. the forming element remains attached to the body 

29. An implant as in claim 28, wherein the body defines following implantation. 

an arc when in the remodeling configuration. 53. An implant as in claim 52, wherein the body is 

30. An implant as in claim 29, wherein a best fit constant reversibly movable between an implantation configuration 
radius curve corresponding to the arc has a radius within the 35 for transluminal implantation and a remodeling configura- 
range of from about 10 mm to about 20 mm. tion for exerting a force against a vessel wall. 

31. An implant as in claim 27, further comprising a lock 54. An implant as in claim 53, wherein the body defines 
for retaining the body in the remodeling configuration. an arc when in the remodeling configuration. 

32. An implant as in claim 31, wherein the lock comprises 55. An implant as in claim 54, wherein a best fit constant 
a locking ring. 40 radius curve corresponding to the arc has a radius within the 

33. An implant as in claim 31, wherein the lock comprises range of from about 10 mm to about 20 mm. 

an interference fit. 56. An implant as in claim 52, further comprising a lock 

34. An implant as in claim 31, wherein the lock comprises for retaining the body in the remodeling configuration. 

an adhesive bond. 57. An implant as in claim 56, wherein the lock comprises 

35. An implant as in claim 31, wherein the lock comprises 45 a locking ring. 

a suture knot. 58. An implant as in claim 56, wherein the lock comprises 

36 . An implant as in claim 31 , wherein the lock comprises an interference fit. 

a clamp. 59. An implant as in claim 56, wherein the lock comprises 

37. An implant as in claim 31, wherein the lock comprises an adhesive bond. 

a compression fit. 50 60. An implant as in claim 56, wherein the lock comprises 

38. An implant as in claim 31, wherein the lock comprises a suture knot. 

a ratchet. 61. An implant as in claim 56, wherein the lock comprises 

39. An implant as in claim 31, wherein the lock comprises a clamp. 

an engagement surface, which is movable between a first, 62. An implant as in claim 56, wherein the lock comprises 

disengaged configuration and a second, engaged configura- 55 a compression fit. 

tion. 63. An implant as in claim 56, wherein the lock comprises 

40. An implant as in claim 31, wherein the lock is biased a ratchet. 

in a locked direction. 64. An implant as in claim 56, wherein the lock comprises 

41. An implant as in claim 31, wherein the lock is biased an engagement surface, which is movable between a first, 
in an unlocked direction. 60 disengaged configuration and a second, engaged configura- 

42. An implant as in claim 31, further comprising a tion. 

coating on the body. 65. An implant as in claim 56, wherein the lock is biased 

43. An implant as in claim 27, further comprising an in a locked direction. 

anchor for retaining the implant at a deployment site within 66. An implant as in claim 56, wherein the lock is biased 

a vessel. 65 in an unlocked direction. 

44. An implant as in claim 43, wherein the anchor 67. An implant as in claim 56, further comprising a 
comprises a distal extension of the implant. coating on the body. 
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68. An implant as in claim 52, further comprising an 
anchor for retaining the implant at a deployment site within 
a vessel. 

69. An implant as in claim 68, wherein the anchor 
comprises a distal extension of the implant. 5 

70. An implant as in claim 68, wherein the anchor 
comprises a friction enhancing surface structure for engag- 
ing the wall of the vessel. 

71. An implant as in claim 68, wherein the anchor 
comprises at least one barb for piercing the wall of the 10 
vessel. 

72. An implant as in claim 52, wherein the body has an 
axial length of no more than about 10 cm. 
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73. An implant as in claim 52, wherein the maximum 
cross sectional dimension through the implant is no more 
than about 10 mm. 

74. An implant as in claim 52, further comprising an 
axially extending support in the body, attached to the form- 
ing element. 

75. An implant as in claim 52, wherein the forming 
element comprises a polymeric strand. 

76. An implant as in claim 52, wherein the forming 
element comprises a metal wire. 

77. An implant as in claim 52, wherein the forming 
element comprises a screw thread. 

♦ * * * * 
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A mitral annuloplasty and LV restriction device is designed 
to be transvenously advanced and deployed within the 
coronary sinus and in some embodiments other coronary 
veins. The device places tension on adjacent structures, 
reducing the diameter and/or limiting expansion of the 
mitral annulus and/or limiting diastolic expansion of the left 
ventricle. These effects may be beneficial for patients with 
dilated cardiomyopathy. 
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PERCUTANEOUS MITRAL ANNULOPLASTY is used to cut the sternum longitudinally, allowing the two 

AND CARDIAC REINFORCEMENT opposing halves of the anterior or ventral portion of the rib 

cage to be spread apart. A large opening into the thoracic 

The present invention relates to intravascular prostheses cavit y * lnus created > throu gh which «> e sui^oal team may 

for remodeling an extravascular anatomical structure. In one 5 directly visualize and operate upon the heart and other 

application, the present invention relates to a mitral annu- * orac ' c coa \ eats - r^.™^' a thoracotomy may be per- 

loplasty and cardiac reinforcement device which is translu- ? ormed on a lat * ral Slde , °f th * che ?'' wh "™ a ' ar S e mcls, °" 

minaUy implantable in the coronary sinus. 15 ™** SfneraUy parallel to the ribs, and the nbs are spread 

' r J apart and/or removed in the region or the incision to create 

BACKGROUND OF THE INVENTION i 0 a lar & e enou g h opening to facilitate the surgery. 

Surgical intervention within the heart generally requires 

Dilated cardiomyopathy occurs as a consequence of many isolation of the heart and coronary blood vessels from the 

different disease processes that impair myocardial function, remainder of the arterial system, and arrest of cardiac 

such as coronary artery disease and hypertension. The left function. Usually, the heart is isolated from the arterial 

ventricle enlarges and the ejection fraction is reduced. The system by introducing an external aortic cross-clamp 

resulting increase in pulmonary venous pressure and reduc- 15 through a sternotomy and applying it to the aorta to occlude 

tion in cardiac output cause congestive heart failure. the aortic lumen between the brachiocephalic artery and the 

Enlargement of the mitral annulus and left ventricular cavity coronary ostia. Cardioplegic fluid is then injected into the 

produce mitral valvular insufficiency, This in turn, causes coronary arteries, either directly into the coronary ostia or 

volume overload that exacerbates the myopathy, leading to through a puncture in the ascending aorta, to arrest cardiac 

a vicious cycle of progressive enlargement and worsening 20 function. The patient is placed on extracorporeal cardiopul- 

mitral regurgitation. monary bypass to maintain peripheral circulation of oxy- 

According to recent estimates, more than 79,000 patients genated blood, 
are diagnosed with aortic and mitral valve disease in U.S. Of particular interest in the present application are tech- 
hospitals each year. More than 49,000 mitral valve or aortic niques for the repair and replacement of the mitral valve, 
valve replacement procedures are performed annually in the The mitral valve, located between the left atrium and left 
U.S., along with a significant number of heart valve repair ventricle of the heart, is most easily reached through the wall 
procedures. of the left atrium, which normally resides on the posterior 

Various surgical techniques have been developed to repair side of the heart, opposite the side of the heart that is 

a diseased or damaged valve. One repair technique which 30 exposed by a median sternotomy. Therefore, to access the 

has been shown to be effective in treating incompetence, mitral valve via a sternotomy, the heart is rotated to bring the 

particularly of the mitral and tricuspid valves, is left atrium into an anterior position. An opening, or 

annuloplasty, in which the effective size of the valve annulus atriotomy, is then made in the right side of the left atrium, 

is contracted by attaching a prosthetic annuloplasty ring to anterior to the right pulmonary veins. The atriotomy is 

the endocardial surface of the heart around the valve annu- 35 retracted by means of sutures or a retraction device, expos- 

lus. The annuloplasty ring comprises an inner substrate of a ing the mitral valve adjacent to the atriotomy. One of the 

metal such as stainless steel or titanium, or a flexible previously identified techniques may then be used to repair 

material such as silicone rubber or Dacron cordage, covered or replace the valve. 

with a biocompatible fabric or cloth to allow the ring to be An alternative technique for mitral valve access has been 

sutured to the heart tissue. The annuloplasty ring maybe stiff ^ used when a median sternotomy and/or rotational manipu- 

or flexible, may be split or continuous, and may have a lation of the heart are inappropriate. In this technique, a 

variety of shapes, including circular, D-shaped, C-shaped,or thoracotomy is made in the right lateral side of the chest, 

kidney-shaped. Examples are seen in U.S. Pat. Nos. 4,917, usually in the region of the fourth or fifth intercostal space. 

698,5,061,277,5,290,300,5,350,420,5,104,407,5,064,431, One or more ribs may be removed from the patient, and 

5,201,880, and 5,041,130, which are incorporated herein by 4S other ribs near the incision are retracted outward to create a 

reference. large opening into the thoracic cavity. The left atrium is then 

Annuloplasty rings may also be utilized in combination exposed on the posterior side of the heart, and an atriotomy 

with other repair techniques such as resection, in which a is formed in the wall of the left atrium, through which the 

portion of a valve leaflet is excised, the remaining portions mitral valve may be accessed for repair or replacement, 

of the leaflet are sewn back together, and a prosthetic so Using such open-chest techniques, the large opening 

annuloplasty ring is then attached to the valve annulus to provided by a median sternotomy or right thoracotomy 

maintain the contracted size of the valve. Other valve repair enables the surgeon to see the mitral valve directly through 

techniques in current use include commissurotomy (cutting the left atriotomy, and to position his or her hands within the 

the valve commissures to separate fused valve leaflets), thoracic cavity in close proximity to the exterior of the heart 

shortening mitral or tricuspid valve chordae tendonae, reat- 55 for cannula tion of the aorta and/or coronary arteries to 

tachment of severed mitral or tricuspid valve chordae ten- induce cardioplegia, manipulation of surgical instruments, 

donae or papillary muscle tissue, and decalcification of the removal of excised tissue, and introduction of an annulo- 

valve leaflets or annulus. Annuloplasty rings may be used in plasty ring or a replacement valve through the atriotomy for 

conjunction with any repair procedures where contracting or attachment within the heart. 

stabilizing the valve annulus might be desirable. 60 Mitral valve surgery, including mitral annuloplasty, is 

Although mitral valve repair and replacement can sue- usually applied to patients with intrinsic disease of the mitral 

cessfully treat many patients with mitral valvular apparatus. As described above, these patients may have 

insufficiency, techniques currently in use are attended by scarring, retraction, tears or fusion of valve leaflets as well 

significant morbidity and mortality. Most valve repair and as disorders of the sub valvular apparatus. Definitive repair 

replacement procedures require a thoracotomy, usually in 65 requires direct visualization of the valve, 

the form of a median sternotomy, to gain access into the Patients who develop mitral regurgitation as a result of 

patient's thoracic cavity. A saw or other cutting instrument dilated cardiomyopathy do not have intrinsic mitral valve 
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disease. Regurgitation occurs as the result of the Leaflets 
being moved back from each other by the dilated annulus. 
The ventricle enlarges and becomes spherical, pulling the 
papillary muscles and chordae away from the plane of the 
valve and further enlarging the regurgitant orifice. In these 
patients, correction of the regurgitation docs not require 
repair of the valve leaflets themselves, but simply a reduc- 
tion in the size of the annulus and the sphericity of the left 
ventricle. 

Mitral annuloplasty without repair of the leaflets or 
chordae has been shown to be effective in patients with 
dilated cardiomyopathy who are refractory to conventional 
medical therapy. Boiling and coworkers have operated on a 
cohort of such patients with New York Heart Association 
Class III and IV symptoms. Average symptom severity 
decreased from 3.9 preoperatively to 2.0 after surgery. 
Hemodynamics and ejection fraction improved significantly. 
Other investigators have achieved similar results as well. 
However, the morbidity, risks and expense of surgical annu- 
loplasty are very high in patients with cardiomyopathy and 
congestive heart failure. Thus, a variety of new techniques 
for the treatment of congestive heart failure are being 
explored as adjuncts to drug therapy. 

Several cardiac restraint devices have been described. 
U.S. Pat. No. 5,702,343 to Alferness discloses a cardiac 
reinforcement device that is applied as a jacket over the 
epicardium in order to limit diastolic expansion. However, 
this requires an open chest operation to implant and does not 
directly affect the diameter of the mitral annulus. Another 
approach is disclosed in U.S. Pat. No. 5,961,440 to 
Schweich, et al., in which tension members are placed 
through opposite walls of the heart such that they span the 
ventricle. Less invasive and "minimally" invasive tech- 
niques for valve repair and replacement continue to evolve, 
both on a stopped heart and on a beating hearts These 
techniques may provide some benefits over open chest 
procedures, but they are still attended by significant mor- 
bidity and mortality risks. 

A need therefore remains for methods and devices for 
treating mitral valvular insufficiency, which are attended by 
significantly lower morbidity and mortality rates than are the 
current techniques, and therefore would be well suited to 
treat patients with dilated cardiomyopathy. Optimally, the 
procedure can be accomplished through a percutaneous, 
transluminal approach, using simple, implantable devices 
which do not depend upon prosthetic valve leaflets or other 
moving parts. 

SUMMARY OF THE INVENTION 

There is provided in accordance with one aspect of the 
present invention, a method of treating mitral valvular 
insufficiency. The method comprises the steps of trans- 
venously advancing a prosthesis into the coronary sinus, and 
deploying at least a portion of the prosthesis within the 
coronary sinus to reduce the diameter of the mitral annulus. 
Although deployment can be accomplished in an open 
surgical procedure, the method preferably further comprises 
the step of percutaneously accessing the venous system prior 
to the transluminally advancing step. The venous system 
may be accessed by one of the internal jugular, subdlavian, 
or femoral veins. Preferably, the deploying step further 
includes the step of advancing the prosthesis from a first 
configuration for transluminal implantation to a second 
configuration to apply pressure to the wall of the coronary 
sinus and thereby reduce and/or restrain the diameter of the 
mitral valve annulus. 
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In accordance with another aspect of the present 
invention, there is provided a method of performing trans- 
luminal mitral annuloplasty. The method comprises the steps 
of providing a catheter which carries a prosthesis, and 

5 percutaneously inserting the catheter into the venous system. 
The prosthesis is transluminally advanced into the coronary 
sinus, and deployed in the coronary sinus to influence the 
size of the mitral valve annulus. Preferably, the prosthesis is 
caused to exert a compressive force on the mitral valve 

10 annulus. 

The compressive force of one embodiment is generated 
by a bias in the prosthesis. In an alternate embodiment, the 
compressive force is generated by tightening the prosthesis 
around the mitral valve annulus following the transluminally 
15 advancing step. The tightening step may be accomplished by 
axial movement of a tightening element with respect to the 
prosthesis. 

In accordance with a further aspect of the present 
invention, there is provided a method of providing a thera- 

20 peutic compressive force against a tissue structure which is 
distinct from a vessel wall. The method comprises the steps 
of positioning a device in the vessel, and exerting a force 
against the wall of the vessel to exert a force against an 
extravascular tissue structure. Preferably, the positioning 

25 step is accomplished percutaneously. In one application, the 
extravascular tissue structure comprises the mitral valve 
annulus. Thus, the present invention provides a method of 
performing annuloplasty of the mitral valve, comprising 
positioning a prosthesis in the venous sinus. 

30 In accordance with another aspect of the present 
invention, there is provided an implant for extravascular 
remodeling, for positioning within a vascular structure to 
influence tissue outside of the vessel. The implant comprises 
an elongate flexible support, having a proximal end and a 

35 distal end. Each of the proximal and distal ends are dimen- 
sioned to reside completely within the vascular system. A 
forming element is attached to the support, such that move- 
ment of the forming element relative to the support changes 
the shape of the support. The support is thus moveable 
between an implantation configuration for transluminal 
implantation and a remodeling configuration for exerting a 
force against a vessel wall. In one application, the support 
defines an arc when in the remodeling configuration. 

4$ Preferably, the implant for extravascular remodeling fur- 
ther comprises a lock for restraining the support in the 
remodeling configuration. In, one embodiment, the lock 
comprises a locking ring. Alternatively, the lock comprises 
a compression fit, an interference fit or an adhesive bond. 

50 The support is moveable from the implantation configu- 
ration to the remodeling configuration in response to move- 
ment of a remodeling control such as proximal retraction of 
the forming element. Alternatively, the support is moveable 
from the implantation configuration to the remodeling con- 

5S figuration in response to distal advancement of the forming 
element. 

In one embodiment, the implant for extravascular remod- 
eling further comprises an -anchor for retaining the implant 
at a deployment site within a vessel. In one application, the 

60 anchor comprises a distal extension of the support, for 
positioning within the great cardiac vein. Alternatively, the 
anchor comprises a friction enhancing surface texture or 
structure for engaging the wall of the vessel. In a further 
embodiment, the anchor comprises at least one barb for 

65 piercing the wall of the vessel. 

In accordance with yet a further aspect of the present 
invention, there is provided a transluminally implantable 
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annuloplasty device. The annuloplasty device comprises a FIG. 8 is a fragmentary view of a portion of the lock 

flexible body, having a proximal end and a distal end. An illustrated in FIG. 7, with a locking tool. 

annuloplasty zone is provided on a proximal portion of the FIG. 9 is a fragmentary view as in FIG. 8, showing an 

body, and an anchor zone is provided on a distal portion of unlocking tool. 

the body. An axially moveable forming element is attached 5 

to the body between a raid-point of the annuloplasty zone DETAILED DESCRIPTION OF PREFERRED 

and a mid-point of the anchor zone, such that proximal EMBODIMENTS 

retraction of the forming element with respect to the proxi- Xhc prcscnt invention prov ides a method and apparatus 

mal end of the body advances at least the annuloplasty zone for p Crforming mitral annuloplasty and remodeling of the 

into an arcuate configuration. 10 lcft vcntr iclc using a device that may be introduced 

In accordance with a further aspect of the present percutaneously, and placed within the coronary venous 

invention, there is provided a method of treating a mitral system of the heart. The device exerts compressive force on 

valve. The method comprises the steps of providing an the mitral annulus and left ventricle, reducing the severity of 

elongate flexible vascular implant, having a first attachment mitral regurgitation and the size of the left ventricular cavity, 

site spaced axially apart from a second attachment site. The 15 The device thus enables reduction of the mitral annulus and 

first attachment site is transluminally advanced through the constraint of the diastolic expansion of the left ventricle yet 

coronary sinus and coronary venous system to form the without the morbidity and other risks associated with open 

implant into an open loop. The open loop is reduced in size chest surgery. 

to place tension on the coronary sinus, and the first attach- p reS ent inventors have determined that the coronary 

ment site is attached to the second attachment site to close 20 simjs an(J veins provide an ideal COQduit for tne positioning 

the loop and retain tension on the coronary sinus. D f ^ intravascular prosthesis for remodeling the mitral 

In accordance with another aspect of the present annulus, since they are positioned adjacent the mitral annu- 

invention, there is provided a method of treating the heart. lus and interventricular septum. The cpronary sinus is con- 

The method comprises the steps of advancing an implant tained within the atrioventricular groove, and is in close 

through an access site and into a coronary vein such as the 25 proximity to the posterior, lateral and anterior aspects of the 

coronary sinus. A forming element on the implant is there- mitral annulus. The coronary sinus and coronary veins are 

after proximally retracted while resisting proximal move- cannulated currently during any of a variety of percutaneous 

ment of the implant, thereby forming the implant into a transvenous diagnostic and therapeutic procedures. Perma- 

desired shape. The access site is thereafter closed, leaving nent placement of pacemaker and defibrillator leads within 

the formed implant within the coronary vein. the coronary sinus and veins is both safe and well tolerated. 

Preferably, the method further comprises the step of The annuloplasty system consists of several components, 

locking the implant into the desired shape prior to the There is a delivery system intended to be introduced per- 

closing step. The method may additionally comprise the step cutaneously into a central vein such as the internal jugular, 

of severing at least a portion of the forming element prior to 3S subdlavian or femoral veins and to cannulate the coronary 

the closing step. sinus. The implant of the present invention is deployed from 

Further features and advantages of the present invention me delivery catheter into the coronary venous system, 

will become apparent to those of ordinary skill in the art in Additional tools may be placed through or along the delivery 

view of the detailed description of preferred embodiments catheter to position the device, apply elements in place, and 

which follows, when considered together with the attached 40 t0 control and/or cut the tensioning elements from the 

drawings and claims. delivery system as will be discussed. 

Referring to FIG. 1, there is illustrated a schematic view 

BRIEF DESCRIPTION OF THE DRAWINGS of tbe heart 10> having a mitral annuloplasty and cardiac 

FIG. lis a schematic illustration of the heart, showing one reinforcement device 40 positioned therein. The heart 10 

embodiment of the mitral annuloplasty device of the present 45 generally comprises a right atrium 12, in communication 

invention deployed within the coronary venous system. with the superior vena cava 14 and inferior vena cava 16. 

FIG. 2 is a schematic illustration of the mitral annulo- ^ left ventricle 18 is positioned below the left atrial 

plasty device shown in FIG. 1. appendage 20. Relevant portions of the coronary vasculature 

/y » • . . p.. .. , , include the coronary sinus 22, which extends from the 

MG. 2A is a schematic illustration or the mitral annulo- 4 . . ' ■ , Al _ 

plasty device shown in FIG. 2, in a linear configuration. » °stmm 24 to the junction 26 of the coronary sinus and the 

* * „ . „ . / . . . , . S rcat cardiac vein 28. There may be anastomotic connec- 

FIG. 3 is an overall view and cross-sectional view through tions 29 between lhe great cardiac vein 28 and the middle 

a transvenous delivery sheath. cardiac vein 30 ^ ^ well understood in me art . 

FIG. 4 is a schematic illustrative i of the delivery sheath 0nc cmbodimcnt of a mitral annuloplasty and cardiac 

and two different embodiments of the implant for extravas- 55 reinforccmcnt dcvioe 40 in accordance with the present 

cular remodeling, one with a forming element and one inV enUon is illustrated generally in the coronary sinus 22. In 

without. particular, the device 40 extends from a proximal end 42 to 

FIG. 5 is a schematic illustration of an alternative embodi- a distal end 44. The proximal end 42 lies against the 

ment of the present invention positioned in an open-loop posterior aspect of the interatrial septum 46. The midportion 

configuration through the delivery sheath. 6Q 48 of mc dcvicc 49 ^ pos iUoncd within the coronary sinus 

FIG. 6 is a schematic illustration of a heart, having an 22. The transitional section 50 of the device 40 lies at the 

alternate embodiment of the mitral annuloplasty and cardiac junction 26 of the coronary sinus 22 and the great cardiac 

reinforcement device of the present invention positioned vein 28. The distal end 44 of the device 40 is lodged in the 

within the coronary sinus and contiguous venous system. great cardiac vein 28. 

FIG. 7 is a schematic cross-sectional view of one embodi- 65 The transitional region 50 is designed to reside in the 

ment of a locking device in accordance with the present proximal portion of the great cardiac vein 28. By deflecting 

invention. out of the plane of the coronary sinus 22, it serves as an 
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anchor 52 and prevents the device 40 from slipping out of lateral deflection of the support 58 in a second direction, 

the coronary sinus 22 when tension is applied. This embodi- This basic steering configuration can be embodied in many 

ment of an anchor 52 is very flaccid and flexible, thereby forms, which can be optimized by those of skill in the art to 

minimizing the risk of erosion of the device 40 through the suit a particular construction for the body 66 depending 

wall of the great cardiac vein or other aspect of the coronary 5 upon the desired dimensions and clinical performance, 

venous system. The proximal end 42 of the device 40 lies The forming element 56 extends from the proximal end 

outside the ostium 24 of the coronary sinus 22 and is curved 42 through the device 40 to the point of attachment 60. At 

upward so as to anchor against the posterior aspect of the the point of attachment 60, the forming element 56 is 

interatrial septum 46. The proximal end 42 is semicircular in mechanically linked, and preferably, directly linked to the 

shape and elliptical in profile so that no edges will promote 10 support 58. A proximal extension 64 of the forming element 

erosion of adjacent tissue. 56 extends from the proximal end 42 of the device 40, such 

As an alternative anchor 52 to the distal extension of the as through an aperture 62. Proximal retraction of the forming 

device 40, any of a variety of structures may be provided. In element 56 through the aperture 62 causes the device 40 to 

general, the deployed device 40 will contact the wall of the bend from an implantation orientation for navigating the 

coronary sinus 22 along the inside radius of its arcuate path. 15 coronary vasculature during implantation to a formed ori- 

Thus, a tissue contacting surface 54 on the concave side of entation for compression and constraint of the coronary 

the deployed device 40 may be provided with any of a sinus 22 and adjacent structures. 

variety of friction enhancing surface structures, such as a i n the formed orientation, the device 40 preferably pro- 
plurality of transverse ridges, teeth or other projections, or v ^ cs a compressive force against the mitral annulus as has 
modified surface textures to enhance friction. Alternatively, 20 bcen ,1^55^ -phis ^ accomplished by forming the device 
tissue engaging or piercing structures such as barbs may be mto an arcuate configuration. Generally, the best fit curve of 
provided on the surface 54 to engage the wall of the constant radius to which the formed device conforms has a 
coronary sinus 22 to resist movement of the device 40. racmJ s within the range of from about 1.0 cm to about 2.0 

The specific dimensions, construction details and mate- cm. 

rials for the mitral annuloplasty and cardiac reinforcement 25 The forming element may comprise any of a variety of 

device 40 can be varied widely, as will be appreciated by components, such as a polymeric or metal wire or strand, a 

those of skill in the art in view of the disclosure herein. For multifillament braided or woven line, a metal or polymeric 

example, dimensional adjustments may be made to accom- ribbon, or other structure capable of retaining the device 40 

modate different anatomical sizes and configurations. Mate- under tension in the coronary sinus 22. 

rials and construction details can be varied to accommodate 30 The device 40 further comprises a support 58, which may 

different tensioning mechanisms and other considerations. be me body 66 of the device 40 or a element 

In general, the device 40 has an overall length from positioned therein. In an embodiment in which the support 
proximal end 42 to distal end 44 within the range of from 58 is a separate element contained within the device 40, 
about 2 cm to about 10 cm, in an embodiment such as that 35 support 58 may comprise any of a variety of generally 
illustrated in FIG. 2 in which the anchor 52 comprises a axially non-compressible elements such as a metal or poly- 
distal extension of the body 66 for lodging within the great meric wire or column, ribbon, or "bottomed out" spring 
cardiac vein 28. One embodiment of the device 40 includes which facilitates lateral bending but inhibits axial compres- 
an elongate flexible body 66 about eight centimeters in sion upon proximal retraction of forming element 56. A 
length. In this embodiment, the body 66 is preferably ^ metal ribbon comprising stainless steel, nitinol, or other 
elliptical in cross section so that it will bend in the plane of known materials may be desired in certain embodiments, 
the coronary sinus 22 and mitral annulus when force is due to its ability to influence the plane of curvature of the 
applied to the tensioning element within it (discussed device 40 when in the formed orientation, 
below). Distally the device tapers and transitions to a round The proximal extension 64 of the forming element 56 
cross-section. 45 exten d s pro ximaDy throughout the length of the deployment 

Referring to FIG. 2, there is illustrated an embodiment of catheter, to a control or free end which remains outside of 

the device 40 having a forming element 56 therein. Manipu- the patient during the deployment procedure. Following 

lation of the forming element 56 allows the device to be placement of the device 40 in the coronary sinus, proximal 

moved from a flexible orientation to enable percutaneous traction on the proximal extension 64 will reconfigure the 

insertion into the vascular system and navigation into the 50 device 40 into the formed orientation within the coronary 

coronary sinus, to an arcuate configuration for compressing sinus, as will be discussed in connection with the method of 

at least a portion of the mitral annulus. The device 40 may the present invention. After a sufficient tension has bcen 

be advanced from the first, flexible configuration to the placed on the coronary sinus, the forming element 56 is 

second, arcuate configuration by either axial proximal preferably axially locked to the device 40, to resist distal 

retraction or distal advancement of the forming element 56 55 movement of the forming element 56 through aperture 62. 

with respect to the body 66, depending upon the particular Any of a variety of locks 70 may be provided. Preferably, the / O CK~S 

design. lock 70 is provided on or near the proximal end 42, and, in 

In general, the device 40 comprises an elongate flexible particular, at or about the aperture 62 (FIG. 7). The lock may 

support 58, extending from a proximal end 42 at least as far comprise any of a variety of structures, such as a suture knot, ~ 

as a point of attachment 60. The support 58 may be a portion 60 locking clamp or ring, an interference fit, ratchet and pall • 

of the body 66 or may be a distinct component as will be structures, an adhesive bond, or a compression fit, as will be 

discussed. The support 58 has a fixed length, and is rela- apparent to those of skill in the art in view of the disclosure 

lively axially non compressible or expandable. Thus, proxi- herein. 

inal retraction of the forming element 56 compared to the The lock 70 (on any of the embodiments herein) may be 

proximal end of the support 58 will cause the support 58 to 65 initially disengaged, so that the forming element 56 may be 

deflect in a first direction. Distal axial advancement of the retracted or advanced freely through the aperture 62 while 

forming element 56 with respect to the support 58 will cause the physician adjusts the tension on the device 40. After the 
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desired tension is achieved, the lock 70 is activated to than about 15 mm 2 , and preferably no more than about 10 

engage the forming element in a manner which will depend mm 2 , for implantation within a human adult, 

upon the lock design. Alternatively, the lock 70 may be The device 40 may be manufactured in accordance with 

biased into an engaged configuration, such as with ratchet or any of a variety of techniques, which will be apparent to 

cam structures, so that the forming element can only be 5 those of skill in the art in view of the disclosure herein. For 

retracted proximally. Preferably, however, the lock will example, the body 66 may be formed by extrusion, injection 

allow the forming element to be released so that the physi- molding, or other techniques. In one embodiment, the form- 

cian can release tension in the device 40 in the event of in 8 element 56 is secured at point of attachment 60 to an 

momentary over tightening. elongate flexible support 58 and coextruded within a poly- 

dp- ♦ iTTz-c n a *u J- i j . A . 1fl meric body 66. Alternatively, the forming element 56 and 

Referring to FIGS 7-9 there is disclosed one embodi- w 58 subassembly may be positioned within a mold 

ment of a releasable lock 70 m accordance with the present cavit ^ injection molded t0 duce , he ^ device 

invention. Although the lock 70 is illustrated as a discrete Thebody 66 may comprise any of a variety of biocompatible 

component of the system, it can alternatively be formed materials such as various densities of polyethylenes, nylon, 

integrally with or attached to the proximal end of the body polyethylene terepbthalate, PEBAX, and others which will 

66. The lock 70 comprises a body 114, which may be in the 15 b(j , to of ^ - m , he M 

form of an annular collar with a central aperture for axial Alternatively, the forming element 56 and support 58 may 

movement over the forming element 56. The body 114 is be surrounded b , tubular jacket of ePTF f or Dacr0D 

provided with one or two or three or more releasable locking fabrf of otber m ^ M fc Qr 

elements 126 which ramp radially inwardly in the proximal ^ ^ forming e , ement sfi tQ produce ^ M a 

UQC on " further alternative, the subassembly which includes the 

Each locking element 126 is provided with at least one forming element 56 and, if present, support 58 may be 

engagement surface 122 for engaging the forming element positioned within a suitable length of tubing formed such as 

56. The forming element 56 may be provided with any of a by extrusion. The tubing may be drawn down to a reduced 

variety of friction enhancing surface textures or structures to diameter at the distal end 44. Additional post extrusion steps 

enhance the locking function. Thus, a locking zone along the may be to produce the desired cross-sectional configu- 

forming element may be provided with an etched surface or ration. Manufacturing techniques for the present invention 

friction enhancing coating. Alternatively, structures such as ^1 be apparent to those of skill in the art in view of the 

a plurality of beads or teeth can be provided to permit an disclosure herein. 

interference fit with the engagement surface 122. ^ j^y of a variety of additional features may be added to 

The engagement surface 122 is movable between a first, the device 40, depending upon the desired clinical perfor- 

disengaged configuration and a second, engaged configura- mance. For example, the outside surface of the body 66 may 

tion. This may be accomplished by pivoting the locking be provided with any of a variety of coatings, such as 

element 126 about a fulcrum 118, In the illustrated Paralene, PTFE or others to improve lubricity; heparin or 

embodiment, fulcrum 118 is formed by an annular ring 119. 35 other antitbrombogenic agents; elastomers such as silicone, 

Alternatively, the fulcrum 118 can be formed by plastic neoprene, latex or others to soften the surface and reduce the 

deformation of an integral structure, such as a living hinge risk of trauma to the vascular intima, and the like. Adhesion 

formed by one or more annular grooves in the body 114. enhancing surfaces may be provided, such as ePTFE patches 

The locking elements 126 may be biased in the locked or jackets, to promote cellular ingrowth for long term 

direction, unlocked direction, or neutrally. Locking may be 40 anchoring. In addition, depending upon the deployment 

accomplished by pressing distally on a locking surface 124 system design, the body 66 may be provided with a 

such as with a locking tool 125 (FIG. 8) which applies distal guidewire lumen extending axially therethrough, to allow 

pressure on the ramped locking element 126 at a point which the body 66 to be advanced distally over a guidewire during 

is displaced radially inwardly from the fulcrum 118. Unlock- placement at the treatment site. 

ing may be accomplished by distally advancing an unlock- 4S The device 40 may be implanted within the coronary 

ing tool 128 against a release surface 120 which is displaced sinus 22 either through direct surgical (e.g. thoracotomy 

radially outwardly from the fulcrum 118. In one with or without sternotomy) access, such as in combination 

embodiment, the locking tool 125 and unlocking tool 128 with another surgical procedure, via port access, or remotely 

are conveniently formed from concentric tubular elements as by way of a percutaneous or surgical cut down access to the 

will be apparent to those of skill in the art. The tubular 50 venous system. Preferably, the device 40 is implanted in a 

elements or proximally extending control wires extend transluminal procedure, such as by way of a percutaneous 

proximally to controls outside of the patient. Alternatively, access at one of the internal jugular, subdlavian, or femoral 

any of a variety of ramped engagement surfaces and tools veins. 

can be readily configured to accomplish the lock and/or Referring to FIG. 3, there is disclosed a deployment 

release functions in view of the disclosure herein. 55 system 72 for deploying the device 40 of the present 

The length of the device 40 from proximal end 42 through invention. The deployment system 72 comprises an intro- 

the point of attachment 60 is generally within the range of ducer sheath or catheter 74, having an elongate flexible 

from about 2 cm to about 10 cm, and, preferably within the tubular body 76 extending from a proximal end 78 to a distal 

range of from about 6 cm to about 8 cm. The shape of the end 80. A preset curve 82 is provided near the distal end 80 

device 40 is preferably designed to minimize trauma to the 60 of the tubular body 76, as is known in the cardiac access 

vascular intima, both during implantation and following catheter arts. At least one lumen 84 extends through the 

placement. This may be accomplished by rounding all edges tubular body 76. In one embodiment, the lumen 84 has a 

which may come into contact with the vessel wall. Thus, the noncircular cross section, such as an ellipse having the major 

cross-section through the mid portion 48 of the device, for axis perpendicular to the plane of curvature of the introducer 

example, may be elliptical, semicircular or otherwise 65 sheath 74. 

rounded, or rectangular with rounded corners. In general, the Introducer sheaths are well known in the art, and may be 

maximum cross-section of the device 40 will be no more manufactured such as by extrusion, with or without a 
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braided reinforcement structure in the wall. The length and extends distally from distal end 106. The first and second 

diameter of the introducer sheath 74 may vary considerably, control lines 108 and 110 may be different portions of the 

depending upon the dimensions of the device 40 as well as same wire, which extends continuously throughout the 

the access point for percutaneous access into the vascular length of the body 102. The wire may be a single strand or 

system. For a femoral vein access, for example, the intra- 5 multi strand component, a length of hypodermic needle 

ducer sheath may have a length within the range of from mbin g> a s P rin S coil > or olher structure known in the medical 

about 80 cm to about 120 cm. Preferably, the outside guidewire arts. Preferably, the first and second control lines 

diameter of the introducer sheath 74 is no more than about have a tiameter within the range of from about 0.009" to 

10 French (approximately 3.3 m). about 0018 "> ^ough larger diameters may also be used 
. ... . or , . , . u«in particularly for the first control line 108. 

A pusher or dilator 86 has an axial length of from about 10 r m „ ' , _ _ . 

10 cm to about 20 cm greater than the axial length of the „ ^ contr ° 1 lme 110 * advaflced thr ° u S h » "> tr °" 

introducer sheath 74. Dilator 86 has an outside diameter ducer sheath mt0 the great cardiac vein 28 and then through 

which is less than the inside diameter of the lumen 84, so anastomotic connections 29 into the middle cardiac vein 30 

that the dilator 86 may be freely axially advanced through , Co " d advancement results in the Up of the distal control 

the lumen 84. The dilator 86 is provided with a central lumen « ^e 110 emerging from the ostium 24 of the coronary sinus 

88, for axially moveably receiving the proximal extension »• ™ e °° ntro1 ^ ™ is then harnessed with a snare and 

64 of forming element 56. P""* . retr °f ,dely J hr0 " S ^ ^ Cath ?* r aS , lU ^f' 

trated nrFIG. 5. The body 102 is then pulled into the 

When assembled for deployment of a device 40 within the ^ veQ0US m ^ bod u referably { ^ 

coronary vasculature, a device 40 is positioned within a diameter than the first and second control Unes 108 and 110, 

distal portion of the lumen 84. The dilator 86 is positioned and preferably ellipticaJ or otherwise noncircular in cross 

proximal to the device 40 within the lumen 84 and the section ^ shape enlafges the transverse tissue C0[ltact 

proximal extension 64 of forming element 56 extends proxi- surface area ^ reduces the fisk of erosion wheQ tenskm is 

mally through central lumen 88 of dilator 86. During proxi- ^ to ^ x Both the proximal and distal ends of the 

mal movement of the introducer sheath 74 with respect to lo are threaded thr h a loddn cli m A di , atQr fa 

the dilator 86, a distal surface 90 on dilator 86 resists used to push ^ clip m tfarcmgh ^ deHvery catheter to ^ 

proximal movement of the device 40 Thus, the device 40 kvd of the coronary sinus ostium . Usirjg traction on 

may be deployed from the distal end 80 of introducer sheath the dilatQr and the first and control Unes 10g and u0 

74. In addition, proximal retraction of the proximal exten- the dip m is dnched QQ the loop ^ the requisi(e degree 

sion 64 while proximal movement of the device 40 is 0 f tension is produced. Finally, the device is separated from 

prevented by surface 90 causes the device 40 to advance ^ M{ m ^ a ^ tQ cut thc first and 

from its deployment configuration to its implanted configu- &econd Uaes 108 and m ^ possibly prox imal and 

ration - distal ends 104 and 106 to the extent they extend proximally 

Once the coronary sinus 22 has been cannula ted by the f rom C n p U2. 

introducer sheath 74, the dilator that is loaded over the 35 ^ overa n length of the embodiment illustrated in FIG. 

forming element is advanced through the sheath 74. This is 5 should be sufficient that both of the first control line 108 

used to push the device 40 to the proper location with the and sec^d control line 110 can extend outside of the patient, 

distal tip 44 in the distal portion of the great cardiac vein 28. while the body 102 extends throughout the pathway of the 

Using counter traction of the forming element and the ventricular girdle 100 as illustrated in FIG. 6. For a percu- 

dilator, the device is curved until the appropriate degree of ^ tane0 us femoral vein access, the overall length of the device 

annular remodeling has been achieved. A locking ring 70 on ^ therefore preferably at least about 200 cm, and generally 

the forming element that is interposed between the dilator me range 0 f from about 220 cm to about 260 cm. The 

and the device prevents the forming element from slipping length of the body 102 f rom prox imal end 104 to distal end 

distally once the device 40 has been curved. A locking ring 10 6 is preferably sufficient to form a closed loop as illus- 

70 that can be released by using a dilator with a different tip 45 trated ^ FIG 6 Although both heart size and the shape of 

geometry may also be employed. After satisfactory deploy- the vascu i ar pat hway will vary from individual to individual, 

ment and deflection of the device 40, the forming element 56 the leDgth of the body 102 [& generally within the range of 

is cut with a cutting tool (not illustrated) that is placed from about 6 cm t0 about n cm ^ body 102 may ^ 

through the introducer sheath. injection molded, extruded as a tube, or coextruded over the 

A second embodiment of the device is comparable to that 50 wire which forms first and second control lines 108 and 110. 

described above except that it does not contain an axially Preferably, the body 102 either comprises or is coated with 

moveable forming element. Instead, a core of springy a material which is sufficiently compliant to minimize 
memory material such as nitinol or other NiTi alloy is- trauma to the vascular intima. Also, the transverse width of 

pre-formed to have the required configuration. When the a tissue contacting surface 114 on body 102 is preferably 

device is pushed out of the delivery catheter into the 55 sufficient to distribute compressive force to minimize the 

coronary venous system, the spring force within the core risks of localized pressure necrosis within the coronary 

applies the requisite force to remodel the annulus. This veins. 

embodiment does not require a tensioning element or a tool j n each of the foregoing implantation methods, the phy- 

to disconnect it from the delivery system. However, the sician preferably monitors the degree of regurgitation during 

magnitude of force applied to the annulus cannot be 60 the step of tightening the implant. Although any reduction in 

adjusted. mitral regurgitation may be desirable, regurgitation is pref- 

A third embodiment is deployed as a loop through the erably reduced to something less than moderate (less than 

coronary venous system, to form a left ventricular girdle 2+). In any event, at least a one grade reduction is preferably 

100. See FIGS. 5-6. The ventricular girdle 100 comprises an achieved. On the other hand, reconfiguration of the implant 

elongate flexible body 102 having a proximal end 104 and 65 should not be accomplished to an extent sufficient to produce 

a distal end 106. A first control line 108 extends proximally mitral stenosis, or any flow limitation of hemodynamic 

from the proximal end 104, and a second control line 110 significance. 
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Thus, the method of implantation preferably further com- a first configuration for transluminal delivery to at least 

prises the steps of monitoring the degree of mitral regurgi- a portion of the coronary sinus to a second configura- 

tation during the implantation and/or reconfiguration steps. tion for remodeling the mitral valve annulus proximate 

The degree of mitral regurgitation may be monitored such as the coronary sinus; 

by transesophageal echo cardiography, surface echo 5 a forming element attached to the elongate body for 

cardiography, intracardiac echo cardiography, fluoroscopy manipulating the elongate body from the first translu- 

using radiocontrast in the left ventricle (LV gram), or left minal configuration to the second remodeling configu- 

atrial or pulmonary capillary wedge pressure tracings, as are ration; and 

understood in the art, during the incremental restriction of a loc ^ for retaining the elongate body in the second 

the mitral annulus and/or left ventricle step. Once a sufficient 10 configuration at least in part within the coronary sinus, 

reduction in regurgitation has been achieved for a particular 2 - ^ medical apparatus according to claim 1, wherein 

patient in the physician's judgement, the device is locked the . forming element is secured to the elongate body at a 

and the proximal extension of the forming element is P° f in ! of attachment and the forming element is movable 

severed from the device and removed from the patient. relative to the elongate body in order to adjust the elongate 

^ , , . . , body within the coronary smus between the first and second 

The method may additionally comprise the step of mea- 1 5 configurations, 

suring the coronary sinus and/or other coronary vein, and 3. Th c mc dical apparatus according to claim 2, wherein 

selecting an appropriately sized implant from an array of the forming element is adapted to be severed while the 

implants of varying sizes. The appropriately sized implant is elongate body is positioned at least in part within the 

thereafter positioned within the target vein. The implant is coronary sinus in the second configuration, 

thus preferably provided in a graduated array of sizes, so that 20 4. The medical apparatus according to claim 3, further 

the optimal size can be selected for each patient. The size of comprising a cutting tool which is adapted to sever the 

the coronary sinus or other vein can be measured using any forming element while the elongate body is positioned at 

of a variety of techniques, such as echo cardiogram, MRI, least in part within the coronary sinus. 

CT scan, or angiography as is understood in the art. 5. A medical apparatus as in claim 1, wherein the elongate 

As a further aspect to the present invention, the implant is 25 bo <! y A defi ™ s a f arc wh * n m me ^modeling configuration. 

preferably combined with an appropriate drug therapy for * A me * cal a PP aratus 35 m *™ V" T * h 

f } * . f Mr> -a 1 «• a constant radius curve corresponding to the arc has a radius 

treating congestive heart failure. Residual regurgitation and ^ ^ rf from ^ 1Q ^ to abQut 2Q mm 

other hemodynamic functions are preferably measured fol- ? A mcdic £ tus as in claim x whcrcin the lock 

lowing implantation of the implant of the present invention. comprises a locking ring 

Heart medications are preferably adjusted to take into 8 A medical apparatus as in claim 1, wherein the lock 

account the reduction in regurgitation and/or reduction in comprises an interference fit. 

left ventricle volume in formulating an ongoing drug therapy 9. A medical apparatus as in claim 1, wherein the lock 

for the patient. comprises an adhesive bond. 

In accordance with further aspect of the present invention, 3S 10. A medical apparatus as in claim 1, wherein the lock 

there is provided a method of constricting the left ventricle. comprises a suture knot. 

Left ventricular constriction may be desirable in patients U- A medical apparatus as in claim 1, wherein the lock 

without mitral regurgitation. One implementation of this comprises a clamp. 

method comprises implanting the ventricular girdle 100 as 12 - A medical apparatus as in claim 1, wherein the lock 

illustrated, for example, in FIGS. 5 through 6 and previously comprises a compression fit. 

discussed herein 13. A medical apparatus as in claim 1, wherein the lock 

Any of the embodiments disclosed herein may addition- ^TAmedical apparatus as in claim 1, wherein the lock 

ally be provided with one or more externally facmg electa- comprises an engagement surface, which is movable 

cally conductive axially extending strips or annular bands, to 5etween a first> disen gaged configuration and a second, 

enable the device 40 to function additionally as a cardiac 45 en g a g ed configuration 

pacing or other cardiac electrode. The electrically conduc- 15 A medical apparatus as in claim lf wherein the lock is 

live band or bands are placed in electrical communication biased in a locked direction 

with a pacing source or diagnostic instrument by way of one 16 A medical apparatus as in claim lf wherein lhe lock js 

or more electrical conductors extending away from the 5iased in an un i oc ked direction. 

device 40. The conductors may be electrically connected to 50 17 A me dj C al apparatus as in claim 1, further comprising 

any of a wide variety of electronic cardiac rhythm manage- a coating on me body 

ment devices, which are well known in the art. 18 A med i ca i apparatus as in claim 1, wherein the 

Although the present invention has been described in apparatus is movable from the implantation configuration to 

terms of certain preferred embodiments, it may be incorpo- the remodeling configuration in response to proximal retrac- 

rated into other embodiments or performed through other 55 tion of the forming element. 

steps by persons of skill in the art in view of the disclosure 19. A medical apparatus as in claim 1, wherein the 
herein. The scope of the invention is therefore not intended apparatus is movable from the implantation configuration to 
to be limited by the specific embodiments disclosed herein, the remodeling configuration in response to distal advance- 
but is intended to be defined by the full scope of the ment of the forming element. 

following claims. 6 o 20. A medical apparatus as in claim 1, further comprising 

What is claimed is: an anchor for retaining the apparatus at a deployment site 

1, A medical apparatus for remodeling a mitral valve within a vessel, 

annulus adjacent to the coronary sinus, comprising: 21. A medical apparatus as in claim 20, wherein the 

an elongate body, having a proximal end region and a anchor comprises a distal extension of the apparatus, 

distal end region, each of the proximal and distal end 65 22. A medical apparatus as in claim 20, wherein the 

regions dimensioned to reside completely within the anchor comprises a friction enhancing surface structure for 

vascular system, the elongate body being movable from engaging the wall of the vessel. 
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23. A medical apparatus as in claim 20, wherein the 
anchor comprises at least one barb for piercing the wall of 
the vessel. 

24. A medical apparatus as in claim 1, wherein the 
apparatus has an axial length of no more than about 10 cm. 

25. A medical apparatus as in claim 24, wherein the 
maximum cross sectional dimension through the apparatus 
is no more than about 10 mm. 

26. A medical apparatus as in claim 1, further comprising 
an axially extending support in the body, attached to the 
forming element. 

27. A medical apparatus as in claim 1, wherein the 
forming element comprises a polymeric strand. 

28. A medical apparatus as in claim 1, wherein the 
forming element comprises a metal wire. 

29. A medical apparatus as in claim 1, wherein the 
forming element comprises a multifilament structure. 

30. A medical apparatus for remodeling a mitral valve 
annulus adjacent to the coronary sinus, comprising: 

an elongate body, having a proximal end region and a 
distal end region, each of the proximal and distal end 
regions dimensioned to reside completely within the 
vascular system, the elongate body being movable from 
a first configuration for transluminal delivery to at least 
a portion of the coronary sinus and a secood configu- 
ration for remodeling the mitral valve annulus proxi- 
mate the coronary sinus; 

a forming element attached to the elongate body for 
manipulating the elongate body from the first translu- 
minal configuration to the second remodeling 
configuration, the forming element secured to the elon- 
gate body at a point of attachment and moveable 
relative to the elongate body in order to adjust the 
elongate body within the coronary sinus between the 
first and second configurations, the forming element 
adapted to be severed while the elongate body is 
positioned at least in part within the coronary sinus in 
the second configuration; and 

a cutting tool which is adapted to sever the forming 
element while the elongate body is positioned at least 
in part within the coronary sinus; 

wherein the elongate body maintains a substantially con- 
stant length when manipulated by the forming element 
between the first and second configurations. 

31. A medical apparatus for remodeling a mitral valve 
annulus adacent to the coronary sinus, comprising: 

an elongate body, having a proximal end region and a 
distal end region, each of the proximal and distal end 
regions dimensioned to reside completely within the 
vascular system, the elongate body being movable from 
a first configuration for transluminal delivery to at least 50 
a portion of the coronary sinus and a second configu- 
ration for remodeling the mitral valve annulus proxi- 
mate the coronary sinus; 
a forming element attached to the elongate body for 
manipulating the elongate body from the first translu- 55 
minal configuration to the second remodeling 
configuration, the forming element secured to the elon- 
gate body at a point of attachment and movable relative 
to the elongate body in order to adjust the elongate 
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wherein the elongate body is relatively noo-compressible 
while the elongate body is adjusted between the first 
and second configurations. 

32. A medical apparatus for remodeling a mitral valve 
annulus adjacent to the coronary sinus, comprising: 

an elongate body, having a proximal end region and a 
distal end region, each of the proximal and distal end 
regions dimensioned to reside completely within the 
vascular system, the elongate body being movable from 
a first configuration for transluminal delivery to at least 
a portion of the coronary sinus and a second configu- 
ration for remodeling the mitral valve annulus proxi- 
mate the coronary sinus; 

a forming element attached to the elongate body for 
manipulating the elongate body from the first translu- 
minal configuration to the second remodeling 
configuration, the forming element secured to the elon- 
gate body at a point of attachment and movable relative 
to the elongate body in order to adjust the elongate 
body within the coronary sinus between the first and 
second configurations, the forming element adapted to 
be severed while the elongate body is positioned at 
least in part within the coronary sinus in the second 
configuration; and 

a cutting tool adapted to sever the forming element while 
the elongate body is positioned at least in part within 
the coronary sinus; 

wherein the elongate body is interchangeably adjustable 
between the first and second configurations within the 
coronary sinus. 

33. A method of performing transluminal mitral 
annuloplasty, comprising the steps of: 

selecting a prosthesis having a proximal end and a distal 
end; 

providing a deployment system cooperating with the 
prosthesis and which is adapted to at least in part 
deliver the prosthesis into the coronary sinus; 

inserting the deployment system and prosthesis into the 
venous system; 

transluminally advancing the prosthesis into at least a 
portion of the coronary sinus; 

tightening the prosthesis to generate a compressive force 
on the adjacent cardiac musculature and influence the 
size of the mitral valve annulus, the tightening step 
achieved by proximally retracting a forming element 
while resisting proximal movement of the prosthesis; 
and 

locking the prosthesis after the step of tightening; 

wherein the prosthesis is interchangeably adjustable 
between tightening to generate the compressive force, 
and untightening to relieve the compressive force while 
the prosthesis is positioned within the coronary sinus. 

34. A method as in claim 33, further comprising the step 
of percutaneously accessing the venous system prior to the 
transluminally advancing step. 

35. A method as in claim 33, wherein the accessing step 
is accomplished by accessing one of the internal jugular, 



body within the coronary sinus between the first and 60 subclavian and femoral veins. 



second configurations, the forming element adapted to 
be severed while the elongate body is positioned at 
least in part within the coronary sinus in the second 
configuration; and 
a cutting tool adapted to sever the forming element while 
the elongate body is positioned at least in part within 
the coronary sinus; 



65 



36. A method as in claim 33, further comprising the step 
of limiting diastolic expansion of the left ventricle. 

37. A method as in claim 33, wherein the transluminally 
advancing step is accomplished using a catheter. 

38. A method as in claim 33, wherein the locking step 
comprises moving an engagement surface from a disen- 
gaged configuration to an engaged configuration. 
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39. A method as in claim 33, wherein the locking step 
comprises providing an interference fit. 

40. A method as in claim 33, wherein the locking step 
comprises providing an adhesive bond. 

41. A method as in claim 33, wherein the locking step 5 
comprises providing a knot. 

42. A method as in claim 33, wherein the locking step 
comprises providing a compression fit. 

43. A method as in claim 33, further comprising the steps 

of first measuring the coronary sinus and then selecting an 10 
appropriately sized prosthesis prior to the inserting step. 

44. A method as in claim 33, further comprising the step 
of measuring hemodynamic function following the locking 
step. 

45. A method as in claim 44, further comprising the step 15 
of determining an ongoing drug therapy taking into account 
the post implantation hemodynamic function. 

46. A method of performing trasluminal mitral 
annuloplasty, comprising the step of: 

selecting a prosthesis having a proximal end and a distal 20 
end; 



il Bl 
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providing a deployment system cooperating with the 
prosthesis and which is adapted to at least in part 
deliver the prosthesis into the coronary sinus; 

inserting the deployment system and prosthesis into the 
venous system; 

transluminally advancing the prosthesis into at least a 
portion of the coronary sinus; 

tightening the prosthesis to generate a compressive force 
on the adjacent cardiac musculature and influence the 
size of the mitral valve annulus, the tightening step 
achieved by proximally retracting a forming element 
while resisting proximal movement of the prosthesis; 
and 

locking the prosthesis after the step of tightening; 
wherein the prosthesis maintains a substantially constant 

length when tightened to generate the compressive 

force. 

***** 
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(57) ABSTRACT 

A mitral valve annuloplasty ring and method for implanting 
a mitral valve annuloplasty ring to treat mitral insufficiency 
by reestablishing the normal shape and contour of the mitral 
valve annulus. The annuloplasty ring is flexible and can be 
readily adjusted to different sizes and shapes. The method 
substantially eliminates scarring subsequent to the annulo- 
plasty procedure to maintain flexibility of the ring and the 
annulus indefinitely. 
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MITRAL VALVE ANNULOPLASTY RING as the heart contracts and relaxes. However, several draw- 

AND METHOD OF IMPLANTING backs still exist. Proper shape and contour of the annulus is 

necessary in order for the mitral valve leaflets to close 

This is a continuation of application Ser. No. 09/097,763 effectively. One shortcoming of the flexible ring is its 

filed Jun. 16, 1998. The entire disclosure of the aforemen- 5 predisposition to crimp during implantation. Crimping can 

tioned application is hereby incorporated by reference be detrimental to the valve annulus, sometimes resulting in 

herein. a mitral orifice that is too small. This can lead to stenosis of 

BACKGROUND tne va * ve * Furthermore, neither the flexible rings nor the 

combined rings will remain flexible indefinitely after annu- 

The present invention is directed to a mitral valve annu- loplasty. Since the rings are secured in place by a line of 

toplasty ring and a method for implanting a mitral valve 10 su t ures attached directly to the annulus, scarring and result- 

annuloplasty ring to treat mitral insuflSciency in a patient. ant stiffening of the annulus inevitably develops. This loss of 

Mitral insufficiency, also known as mitral regurgitation, is a flexibility impedes the normal flexing and movement of the 

common cardiac abnormality wherein the heart's mitral heart, particularly the left ventricle and, therefore, the heart 

valve does not properly close. cannot function optimally. 

In a normally functioning heart, oxygenated blood passes 15 summary 
from the left atrium through the opened mitral valve and into 

the left ventricle when the left ventricle is in a relaxed state. The annuloplasty ring of the present invention is a com- 

When the left ventricle contracts, the blood is pushed out of bined ring which comprises a first section that is substan- 

the left ventricle thereby closing the mitral valve to prevent tially rigid and a second flexible section. The ring can be 

blood flowing back or regurgitating into the left atrium. 20 readily adjusted to fit the annulus of any particular patient. 

From the left ventricle, the oxygenated blood is pumped out • The method of implanting the annuloplasty ring of the 

of the heart and directed to the rest of the body. present invention comprises installing a ring within the fat 

With mitral insufficiency, the mitral valve does not fully P ad of the atrioventricular groove which surrounds the 

close and a portion of blood leaks back into the left atrium mitral valve annulus. The method does not require a series 

when the left ventricle contracts. As a result, the heart has to of sutures extending through the mitral valve annulus tissue 

work harder by pumping not only its regular volume of t0 hold the ring in place. Resultant scarring and stiffening of 

blood, but also the extra volume of blood that regurgitates tne annulus is thereby substantially eliminated, 

back into the left atrium. The added workload creates an The ring of the present invention when combined with the 

undue strain on the left ventricle. This strain can eventually method of the present invention is positioned in the fat pad 

wear out the heart and result in death when the condition is of the atrioventricular groove adjacent to the mitral valve 

prolonged and severe enough. Consequently, a properly 30 annulus. The flexible section of the ring extends adjacent to 

functioning mitral valve is critical to the pumping efficiency the flexible posterior portion of the annulus, while the rigid 

of the heart. section of the ring spans the substantially rigid inter-trigone 

Mitral valve annuloplasty is a well known approach for section of the annulus. Since the flexible section of the ring 

treating mitral insufficiency, although other treatments are is held in the atrioventricular groove of the posterior section 

used which include replacing the mitral valve, repairing the 35 of the annulus, it is not necessary to suture the flexible 

mitral valve leaflets, and shortening or replacing the chordae section directly to the mitral valve annulus. As a result, 

tendinae. Mitral valve annuloplasty is the reparation of the scarring of the annulus is substantially eliminated, thereby 

mitral valve annulus which effects full closure of the leaflets allowing the ring and annulus to remain flexible indefinitely, 

by reestablishing the size and shape of the normal mitral As in the normal heart, this flexibility enables the mitral 

valve annulus. Such an annuloplasty most commonly incor- 40 valve annulus to flex in several planes during contraction 

porates the use of a mitral annuloplasty ring wherein the ring and relaxation of the heart. The result is better postoperative 

is implanted on the mitral valve annulus. functioning of the mitral valve and better postoperative 

There are three basic types of mitral annuloplasty rings functioning of the left ventricle, as well, 

used in annuloplasty procedures. They include a rigid ring, 11 is an object of the present invention to provide an 

a flexible ring and a combined ring that has both a flexible 45 annuloplasty ring that reestablishes the normal shape and 

component and a rigid component. contour of the mitral valve annulus. 

Due to their inflexibility, the rigid rings dictate the shape It is a further object of the present invention to provide a 

and contour of the mitral valve. The native mitral valve method for performing an annuloplasty that substantially 

annulus flexes in response to the movement of the heart. eliminates scarring of the mitral valve annulus tissue to 

However, with a rigid ring the annulus is not able to flex preclude the loss of flexibility following the annuloplasty. 

normally or move freely with the pumping action of the It is a further object of the present invention to provide a 

heart. As a result of the rigidity, the physiologic factors that method for implanting the annuloplasty ring that allows the 

normally shape the mitral valve annulus are not allowed to ring to maintain flexibility indefinitely, 

take precedence in shaping the valve. It is a further object of the invention to provide an 

Another drawback with rigid rings is that they can induce annuloplasty ring that is flexible enough to allow the mitral 

a heart condition known as systolic anterior motion in 55 valve and annulus to flex through different planes, yet 

patients having a mitral valve posterior leaflet that is too positioned such that the shape and contour of a normal mitral 

"tall". During ventricular contraction, the posterior leaflet valve annulus is reestablished. 

pushes the anterior leaflet in a direction opposite to the It is a further object of the present invention to provide a 

anterior leaflet's normal movement, resulting in the obstruc- flexible annuloplasty ring that does not crimp during implan- 

tion of the left ventricle's outflow tract. 60 tation. 

Overall, rigid annuloplasty rings do not allow the mitral It is a further object of the present invention to provide an 

valve annulus to reestablish its normal shape and form as annuloplasty ring that can be flexed in all manner that the 

dictated by the action of the heart pumping. The shape and native mitral valve annulus flexes. 

contour of the annulus is established by the inflexible shape It is a further object of the present invention to provide an 

and form of the ring itself. 65 annuloplasty ring and method of implanting the ring that 

Flexible rings made of Dacron cloth, unlike the rigid maintains flexibility of the ring and the mitral valve annulus 

rings, can allow the mitral valve annulus to move and flex indefinitely. 
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It is a further object of the present invention to provide a atrium and passes into the left ventricle through the mitral 

method for implanting the annuloplasty ring that minimizes valve. The blood is pumped from the left ventricle to the rest 

scarring of the mitral valve annulus and nearby tissue. of the body. 

It is a further object of the present invention to provide an As shown in FIGS. 1A-1F, the mitral valve (30) is a one 

annuloplasty ring that assumes the shape of the normal 5 way passive valve comprising a pair of leaflets, including a 

mitral valve annulus to allow for effective functioning of the larger anterior leaflet (32) and a smaller posterior leaflet 

valve. (33). The leaflets open and close in response to pressure 

It is a further object of the present invention to provide an differences in the heart (5) on either side of the mitral valve 

annuloplasty ring and method of implanting the ring that ( 30 )- The ba se of each anterior (32) and posterior (33) leaflet 

result in effective coaptation of the anterior and posterior 10 » attached to the mitral valve annulus (34). 

leaflets of the mitral valve. The contour of the mitral valve annulus (34) refers to the 

It is a further object of the present invention to provide an outline or form of the annulus (34) when viewed in the 

annuloplasty ring and method of implanting an annuloplasty general plane of the annulus (34). The shape of the annulus 

ring that do not impede the movement of the left ventricle's ( 34 ) 15 tnat shape viewed from the atrial side of the mitral 

base when the ventricle is contracting and relaxing, thereby 15 valvc ( 3< 0> "looking down" on the mitral valve annulus (34). 

allowing effective functioning of the left ventricle. The mitral valve annulus (34) includes a posterior portion 

It is a further object of the present invention to provide an (35) and an anterior portion (36). The anterior portion (3d), 

annuloplasty ring and a method of surgically implanting an als0 known as the inter-trigone segment or section, is a 

annuloplasty ring that allow the base of the left ventricle to generally straight, substantially rigid segment. The posterior 

assume its full range of movement when contracting and 2 o P ortion ( 35 ) of tne annulus (34) is a flexible, curvilinear 

relaxing to allow effective functioning of the left ventricle. segment that encompasses a larger proportion of the annulus 

It is a further object of the present invention to provide an dl ^™* ^ the aateri ° r p °*°° ™ e ri * ht ^ 

annuloplasty ring that allows the left ventricle to move and left (38) fibrous trigones mark the ends of the generally 

naturally as the heart pumps and allows the mitral valve straight segment and define the intersection points between 

annulus to flex freely in response to the movement of the left ^ the Posterior (35) and anterior portions (36). 

ventricle Referring to FIGS. 2A and 2B, there is shown a preferred 

It is a further object of the present invention to provide an embodiment of the annuloplasty ring (10) comprising the 

annuloplasty ring and a method of implanting the annulo- P^sent mvention. The ring (10) comprises a first section 

plasty ring that does not require a plurality of sutures along <"> m ^^°f SeC ' 10 " ^ ™ e S? ^ °P ? ' 

ihe posterior portion of the mitral valve annulus to secure the 30 ** ° nd W and a «f» nd end Oft. white the second section 

ring in place ( ) includes a proximal end (16) and a distal end (17). A 

f . *\ _ , . . . , means for sizing the annuloplasty ring (10) includes mea- 

It is a further object of the present invention to provide an SUfement indidt (18) extendi inwardl from m outermost 

annuloplasty ring that can be readily adjusted in size. edge of the second section > s ^ cnd (17)> ^ mnulo . 

It is a further object of the present invention to provide an plasty ring (10) also includes a detachable needle (20) 

annuloplasty ring that can be readily adjusted in shape by 3s having a tip (72) and an attaching end (73) as shown in FIG. 

adjusting the circumference of the ring. 3. 

It is a further object of the present invention to provide a The annuloplasty ring (10) comprises a first means for 

kit for an annuloplasty ring that reestablishes the normal joining the second end of the first section to the distal end of 

shape and contour of the mitral valve annulus. the second section and a second means for joining the first 

PJHFF nPSPRTPTinM f)F THF HR AWINTfW 40 ° f filSt SCCti ° n l ° ^ P r0ximal end ° f the SeCOnd 

BRIEF DESCRIPTION OF THE DRAWINGS se ^ on ^ ring (10) aJso ^mptises a third means for 

Reference is made to the accompanying drawings in joining the second end of the second section to the needle, 

which are shown illustrative embodiments of the invention In one preferred embodiment, the first means for joining 

and from which novel features and advantages will be the second end of the first section to the distal end of the 

apparent. 45 second section, the second means for joining the first end of 

FIGS. 1A-1F are cutaway views of the heart as seen from the first section to the proximal end of the second section, 

the atrial position depicting a preferred method of implant- and the third means for joining the second end of the second 

ing the mitral valve annuloplasty ring in the atrioventricular section to the needle comprise frictional engagements, 

groove. The frictional engagements include a hollow inner portion 

FIG. 2A is a top view of a preferred embodiment of the 50 ( 19 ) in the second section (15) having exterior openings (71) 

mitral valve annuloplasty ring of the present invention in a at the proximal (16) and distal (17) ends. The hollow inner 

closed configuration. portion (19) can extend the entire length of the second 

FIG. 2B is a side view of the mitral valve annuloplasty ( 15 ) or alternately it can be limited to the ends (16, 

ring in a closed configuration. 17 ) of ^ sccond s^ 00 ( 15 )- 111(5 hoUow P ortlon ( 19 ) has 

FIG. 3 is an exploded view of the mitral valve annulo- ss * D iDD , er di *" ete fi r » ^Proximately equal to the outer 

olastv rine with needle diameter of the first (12) and second (13) ends of the first 

*JL * r . section (11) and also that is approximately equal to the outer 

FIG. 4isaschematiccrosssectionalsideviewof a portion diameter of lhe attaching end (73) of ^ needle (20 ). 

of the heart depicting the atrioventricular groove with the . . . c \, . „ . ' . 

annuloplasty ring implanted therein. „ ™ e e * enor "P""*^ L ?Z hollow ; nne [. p0 « l % 

— * m . . Ci . . t . . (19) on the proximal end (16) of the second section (15) 

FIG. 5 is a view of the mitral valve annuloplasty nng in 60 receives tbe first end (12) therein> while the exteriof ^ 

a surgical configuration. (n) of the hoUow inner portion (19) on ^ disUl 6nd 

FIG. 6 is a view of the mitral valve annuloplasty ring in receives the second end (13) of the first section and, 

an open configuration. alternately, the attaching end (73) of the needle (20). When 

nFTAii Fn nF^rPTPTinM tne eods C 12 ' 13 ) of ^ first s^ 011 C 11 ) are inserted through 

ue, i/uuiu ut^Kir 1 lurN 65 me exlerior opeilings ( 71 ) int0 the hollow inner portion (19), 

The left ventricle is the main pumping chamber of the a frictional engagement is created between the respective 

heart. Oxygenated blood from the lungs enters the left inner and outer diameters which secures the ends of the 
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sections (11, 15) together. Likewise, when the attaching end section and the first means for joining the second end of the 

(73) of the needle (20) is inserted through the exterior first section to the distal end of the second section secures 

opening (71) into the hollow inner portion (19) of the distal the ends (12, 13) of the first section (11) to the respective 

end (17), the needle (20) is held within the hollow inner ends (16, 17) of the second section (15) to form a closed 

portion (19) by frictional engagement. 5 i 00p< i n 0 ne preferred embodiment in which the first and 

Although the first means for joining the second end of the second means for joining comprise frictional engagements, 

first section to the distal end of the second section, the tne proximal (16) and distal (17) ends of the second section 

second means for joining the first end of the first section to are prc ferably disposed adjacent to each other at a center 

the proximal end of the second section, and the third means rcgion of mc first ^[00 (11), thereby covering a substantial 

for joining the second end of the second section to the needle uon of ^ first ( m Alternately, the second end 

comprise frictional engagements, any suitable and separate 10 (13) q£ ^ ^ sectjon (u) caQ ^ free and unaltached while 

types of means could be used instead. me distal end (17 ) of the second < 15 ) is attache d to 

The first (11) and second (15) sections are elongated. In me Dee dle (20) for performing the annuloplasty as shown in 

one preferred embodiment, the first section (11) has a bow FIG 5 

or bend (70) in the center region. The bow (70) is offset jhe 'length of the first section (11) is shorter than the 

approximately 1 .0 mm from a reference plane in which the 15 k h Qf £ sec0Qd section (15) ^ { ^ of fifSt sectioQ 

first (12) and second (13) ends are located. In another ^ bu{ {i ^ ^ ^ * ± be nQ morc 

preferred embodimen^ the first section of the nng is straight ^ about ^ % of ^ length of ^ ^f^^ scctioQ 

and does not have a bow. ~Q of the mitral valve annulus being repaired. The requisite 

The first section (11) is made from a substantially rigid proportion for a particular annuloplasty ring will depend on 

material. It is preferable that the material is able to maintam ^ the flexibility of the ^nd section (15). As for example, the 

its rigidity indefinitely and also preferable that it is inert or more flexible tfae material formin ^ second sectioQ (15)j 

compatible with body tissues. Examples of materials that the lo (he { ^ of me finJt section (n) should ^ 

could be used for the first section (11) are titanium stainless rclative tQ the { th of the section (36) . 

steel, pyrolytic carbon and various plastics. Also, other Conversely, the less flexible the material of the second 

suitable materials of choice could be used, as well. ^ section (15)j the shorter the rdative leQgth of the first section 

The material comprising the second section (15) is flex- (u) should be relative to the length of the inter-trigone 

ible and is capable of being affixed to the first section. portion (36) 

Preferably, the material is inert or compatible with body ^ , ^ f tfae sections can be varied reUtive to 

tissues. Examples of ^materials tha could be used for the each ordef iQ achieye various sh for ^ dosed 

second sectron include s.lasUc, polyethylene, Dacron and b of ^ anmlloplasly ring (10) . For example by length . 

Teflon. Also, other suitable materials of choice could be e im^g me first secuon (11) relative to me length of the second 

used, as well. section (15), the annuloplasty ring will become "flatter" as 

The annuloplasty nng (10) of the present invention rees- characterized by a smaller anterior to posterior distance, 

tabhshes the normal shape and contour to tbe mitral valve , . . , .. . ... . .... 

annulus (34). The first section (11) of the annuloplasty ring fi In one preferred embodiment of the present invention, the 

(10) is adjacent to the inter-trigone section (36) after 35 first sectior i (11) has a l length of approximately!. 5 cm and 

implantation, as shown in FIGS. 1A-1F The curvature of an ov k era11 diamcter °* approximately 6 mm The diameter 

the bow (70 is oriented to conform to the portion of the can > howcvcr > f° lon f as lt fits J hc ™«»[ v f alve ^ nulus 

mitral valve annulus (34) that is located adjacent to the aortic ^ de J "P«Jf f and lt P recludes ^ adve rtent deformation or 

valve root. Both the first section (11) and the inter-trigone OI ltie rin S- 

section (36) are substantially rigid. Since the inter-trigone 40 In ooe preferred embodiment, the indicia (18) are mark- 
section (36) does not normally bend in response to the i»gs spaced at intervals of about 1.0 mm. However, the 
movements of the heart, it is, therefore, not required for the intervals could be spaced at any desired distance, extending 
first section (11) to bend or flex either. ^ any desired length along the second section (15). 

The second section (15) is implanted adjacent to the An open configuration of the annuloplasty ring (10) is 

posterior portion (35) of the annulus. Both the posterior 4S shown in FIG. 6 wherein the first section (11) has its first end 

portion (35) and the second section (15) are flexible and, as (12) attached to the second section's proximal end (16). The 

a result, can flex and move with the natural movements of second end (13) of the first section (11) and the distal end 

the heart, as the left ventricle relaxes and contracts. (17) of the second section (15) are unattached. 

Furthermore, the method of implanting the annuloplasty ring A closed configuration, shown in FIG. 2A, comprises the 

within the fat pad (40) of the atrioventricular groove (39), as SQ first end (12) of the first section (11) being attached to the 

shown in FIG. 4, ensures that the annulus and the second proximal end (16) of the second section (15) and the second 

section (15) of the ring (10) will remain flexible indefinitely. end (13) of the first section (11) being attached to the distal 

Referring again to FIGS. 1A-1F, the needle (20) acts as end (17) of the second section (15). In the closed 

a leader guide to implant the ring (10) in the proper location configuration, the annuloplasty ring (10) forms the closed 

and position in the atrioventricular groove (39) around the loop. After the annuloplasty procedure, the ring (10) is in its 

mitral valve annulus (34). The lip (72) of the needle is 55 closed configuration. 

preferably a round -tip which is sharp enough to penetrate the In FIG. 5, the annuloplasty ring (10) of the present 

tissue for implantation, yet blunt enough to maneuver within invention is shown in a surgical configuration in which the 

the atrioventricular groove without damaging critical areas. first end (12) of the first section (11) is attached to the 

The size and shape of the annuloplasty ring (10) can be proximal end (16) of the second section (15) and the needle 

adjusted. Using the measurement indicia (18) on the second 60 (20) is attached to the distal end (17) of the second section 

section (15) as a guide, the appropriate length of the section (15). The second end (13) of the first section (11) is 

is established, then any unnecessary length on the second unattached. The surgical configuration is designated prima- 

section (15) can be removed by cutting, as shown in FIG. rily for use during the annuloplasty procedure. 

ID. By changing the length of the second section (15), the After the annuloplasty ring (10) is implanted as in FIG. 

circumference of the annuloplasty ring is also changed. 65 IE, the first section (11) is in alignment with the inter-trigone 

As shown in FIG. 2 A, the second means for joining the section (36) of the mitral valve annulus (34) such that the 

first end of the first section to the proximal end of tbe second bow (70) conforms to the contour of the annulus (34) 
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adjacent to the aortic valve root. The inter-trigone section wherein the tip (72) of the needle (20) is first passed through 

(36) which extends between the left (38) and right (37) the endocardium (65) and the left atrial myocardial wall (46) 

fibrous trigones is substantially rigid, as is the first section from the endocardial aspect at the left fibrous trigone (38) 

(11) of the ring. The second section (15) is primarily and passed in a posterior direction substantially parallel to 

implanted around the posterior portion (35) of the annulus the annulus (34). The needle (20) is moved in a counter- 

(34) and within the fat pad (40) of the atrioventricular clockwise direction around the annulus (34) to the right 

groove (39) as shown in FIG. 4. Along with the posterior fibrous trigone (37). Here, at the right fibrous trigone (37), 

portion (35) of the annulus (34), the second section (15) is the needle's tip (72) is passed back through the left atrial 

allowed to move and flex freely with the movements of the myocardial wall (46) from epicardium (60) and back 

heart. through the endocardium (65). The procedure then continues 

Referring to FIGS. 1A-1E, the annuloplasty ring (10) is 10 f 5 ^ e ? bo . vc Procedure is performed in the opposite, coun- 

installed adjacent to the mitral valve annulus (34) and within terclockwise direction. . . 

the fat pad (40) of the atrioventricular groove (39). After the . M ^ T . the annuloplasty ring is in place sutures (80 81) 

ring (10) is implanted, the second section (15) is cut to the sh °7 " l * ca ? b , e added f secure the annuloplasty 

appropriate sizi for the patient. The distal end (17) of the ^ ^ S^lK? . ^ ?° } bC T* 
j *l w u a* *i_ c « «• 1C to fix the ring (10) to the inter-trigone section (36), prefer- 
second section (15) is then attached to the first section (11). 15 m - t u. ifft 'j rinUi flk™,. C- L /l!/' 

n r 4 . v - /i/v\ • » j . . t , * *l i a ably at the lett and nght fibrous trigones. Since the inter- 
Preferably the rmg (10) is sutured to the annulus at the left tri ' OQe section (36) fa ^bstantiiUy rigid in the native mitral 
and right fibrous trigones. However, this suturing may be valve annulus> any scarring that may result from these 
avoided if deemed not necessary. sutures (80) would not substantially interfere with the nor- 
To implant the annuloplasty ring in a patient, the needle mal flexing of the rest of the annulus and movement of the 
(20) is attached to the distal end (17) of the second section 20 left ventricle. 

(15) and the first end (12) of the first section (11) is attached In addition, at least one suture (81) may be used to fix the 
to the proximal end (16) of the second section (15), as shown second section (15) within the atrioventricular groove (39) 
in the surgical configuration of FIG. 5. In one preferred as an added precaution for guarding against possible slip- 
embodiment, the needle is attached by inserting its attaching page of the ring (10) after it is implanted. This suture (81) 
end (73) into the exterior opening (71) of the hollow inner ^ would preferably be located near the midpoint of the second 
portion (19) of the second section (15). section (15). 

The tip of the needle (20) is passed through the endocar- The preferred embodiments of the present invention allow 

dium (65) and the left atrial myocardial wall (46) from the the mitral vaive annulus to maintain its normal flexure, 

endocardial aspect at the right fibrous trigone (37), as shown which 10 tu 5 D enables U» M ventricle to move in a normal 

in FIG. 1A, simultaneously pulling the first (11) and second , n » * contracts and relaxes Furthermore the method 

(15) sections of the ring (10) behind it, such that a portion 30 of ^planting allows me annuloplasty ring and the annulus, 

of the second section (15 Eventually passes through the left 45 0 maintain fle * lblllt y indefinitely after the 

. " a "- uuu Jy ,,Y,A • ri/ < §, • annuloplasty, since it is not necessary to secure the rmg in 

atrial myocardial wall (46) as in FIG. IB. The needle (20) is hce ^ ^ of sutures ^ h ^ mitfal yalve 

passed in a postenor direction just external to and paraflel to ^ of the tcrior rtion 

the mitral valve annulus (34). The tip of the needle (20) is . t r \ , r . , . , 

a a *u *-:a ,u. 35 The nng further reestablishes the normal shape and con- 
passed around the outside curvature or the mitral valve M . r *l •* 1 1 1 u- u « c cc *• 
v , /-.v j .... e 4 a / Af\\ c *u tour of the mitral valve annulus which allows for effective 

annulus (34) and within the fat pad (40) of the atnoven- . .. Ci . . . . . . , a . c . t 

. v ' «m « ,JL. j • 1 1 • coaptation of the an tenor and posterior leaflets of the valve, 

tncular groove (39). The needle (20) is moved m a clockwise A ,L « . . r*t. u a- * a 

directiorf towards he left fibrous trigone (38). Additionally, the size and shape of the nng can be adjusted 

rto v * « , ^ /-^\ • making it easily adaptable to different patients. 

At the left fibrous trigone (38), the needle's tip (72) is . * a * nU ^ aMtw i™i acf „ „v„ «f »k„ 

passed back through the left atrial myocardial wall (46) from 40 . ln one exam P le > m 5 annulop asty nng of the presen 

f ' . j. ,7%: a u 1 u uiu a J- fce\ invention can be manufactured using a flexible matenal that 

the epicardium (60) and back through the endocardium (65) . , . . ^ ± sectio _ ^ elasticity 

at the left fibrous trigone (38), thereby pulling the first * ~f 0 eAasllc t0 ^P 1 ^ me f e ^ nd sectl0Q - ™ elasticity 

. . t v ;u * • /<xc\ a of the rmg would accommodate the expansion of the mitral 

section 01) .nto posUion along toe antenor portxon (36) and during relaxation of the left ventricle and accom- 

pulling the second section (15) into position within the . . , 6 .. . , . ... e ., 

*\ . & . . , /^fi\ l *u * ,u j *• modate contraction of the annulus during contraction of the 

nTr a H Wn, ni, ^Tie^Z " left vent ™ le - In othet words > the annuls would expand and 

(15) is adjacent to the postenor porta i (35) of the mitral ^ expansion and 

valve annulus (34),^ shown in FIG 1C. contraction of the left ventricle 

Referring to FIG. ID the annuloplasty nng (10) is s.zed ( } secQnd (1J) ^ 

using the measurement indicia (18) to determine the appro- . . ,. , ,/ ' . v ,/ c , ft t\ \i „ • i 

priate length of the second section (15) and hence the SQ "e jotned integrally at the respecUve first (C) and proximal 

„„„™„-„.„ „i,„.™r„rL« „•„„ / 1ft >. 50 (16) ends, wherein the first section remains substantially 

appropriate a ramfeeaa .for • Ae ^^annutop ksty nng (10^ V section nj ^ 

The distal end (17) can be cut to size, it required, by sevenng . • . . . . c . v . , . 

, V 7 /ie\ t i * J i *u j integral joining of the two sections can be done by 

the second section (15) at a selected location on the second m ~, A > , Q , ,f„^„,.;„ fT 

section (15). The needle (10) can be removed prior to sizing manufacturing tech- 

and/or cutting of the second section (15) or, alternately, it niques o c oice. 

can remain attached to the ring (10) during sizing and/or ss A1 . l ? ou e h ' he P resen ' invention has been described in 

tt - considerable detail with reference to certain preferred ver- 

rn • ■ . . , - j /1e v . sions thereof, other versions are possible. Therefore, the 

The distal end (17) of the second section (15) is then . , ' f4 . A A , ? , . . , 

joined to the second end (13) of the first section (U). In one fP 1 " 1 a ° dsco P e of the appended claims should not be limited 

preferred embodiment as shown in FIG. IE, the second end t0 ^ d f eSCn P Uon ° f the pfeferred VerS10DS COntamed herem ' 

(13) and distal end (17) are joined by factional engagement 60 wnat is claimed is. 

wherein the second end (13) of the first section (11) is t V * method for implanting an annuloplasty nng in a 

inserted into the hollow inner portion (19) of the second P aUen s hearl > »*pnsing; , 

section, until the distal (17) and proximal (16) ends of the implanting a flexible section of the annuloplasty rmg in 

second section (15) approach one another approximate a th e fat pad of the atrioventricular groove of the heart; 

center point on the first section (11). 65 positioning a rigid section of the annuloplasty ring adja- 

In another embodiment of the method for implanting the cent to the valve annulus; and 

annuloplasty ring, the procedure is reversed in direction, forming the annuloplasty ring into a closed loop. 
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2. The method of claim 1, wherein the annuloplasty ring 
includes a needle attached to the flexible section. 

3. The method of claim 2, wherein the steps of implanting 
a substantial portion of the annuloplasty ring in the fat pad 
of the atrioventricular groove further comprises: 

inserting the tip of the needle through the endocardium 
and the left atrial myocardial wall from the endocardial 
aspect at the right fibrous trigone; 

passing the needle and a portion of the annuloplasty ring 
through the endocardium and the left atrial myocardial 
wall from the endocardial aspect at the right fibrous 
trigone; 

passing the needle and a portion of the annuloplasty ring 
in a posterior direction, external to and parallel to the 
mitral valve annulus; and 

inserting the tip of the needle through the left atrial 
myocardial wall from the epicardial aspect and back 
through the endocardium at the left fibrous trigone; 

passing the needle and a portion of the annuloplasty ring 
back through the left atrial myocardial wall from the 
epicardial aspect and back through the endocardium at 
the left fibrous trigone. 

4. The method of claim 3, wherein positioning the rigid 
section further comprises: 

positioning the flexible section in a substantial parallel 

orientation with the posterior portion of the mitral valve 

annulus, by pulling the needle; 
aligning the rigid section of the annuloplasty ring along an 30 

anterior portion of the mitral valve annulus; and 
positioning a bow of the rigid section to conform with a 

contour of the mitral valve annulus adjacent the aortic 

valve root. 

5. The method of claim 4, further comprising: 
determining the appropriate size of the annuloplasty ring 

after implanting and positioning the ring, and before 
forming the ring into a closed loop; and 
cutting the annuloplasty ring to the appropriate size. 

6. The method of claim 5, further comprising: 
detaching the needle from the annuloplasty ring after 

implanting and positioning the ring, and before deter- 
mining the appropriate size. 

7. The method of claim 5, wherein the step of forming the 
annuloplasty ring into a closed loop further comprises: 

joining a second end of the rigid section to a distal end of 
the flexible section by inserting the second end of the 
rigid section into a hollow inner portion of the distal 
end of the flexible section. 

8. The method of claim 2, further comprising: 
suturing the annuloplasty ring to the valve annulus at the 

left and right fibrous trigones. 

9. The method of claim 8, further comprising: 

suturing the annuloplasty ring within the fat pad of the 55 
atrioventricular groove. 

10. A method for implanting an annuloplasty ring in a 
patient's heart to correct mitral insufficiency in which the 
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mitral valve annulus is restored to a normal shape and 
flexibility as determined by the movement of the left 
ventricle, the mitral valve and the mitral valve annulus, the 
steps comprising: 

'1) providing an annuloplasty ring having an elongated 
flexible section attached at one end to a rigid section 
with a bow and attached at an opposite end to a round 
tipped-needle; 

[2) inserting a tip of the needle through the endocardium 
and the left atrial myocardial wall of the heart from the 
endocardial aspect at the right fibrous trigone; 

[3) passing the needle and a portion of the annuloplasty 
ring through the endocardium and the left atrial myo- 
cardial wall of the heart from the endocardial aspect at 
the right fibrous trigone; 

[4) passing the needle and a portion of the annuloplasty 
ring in a posterior direction just external to and parallel 
to the mitral valve annulus; 

[5) passing the needle and a portion of the annuloplasty 
ring around the outside of the mitral valve annulus in 
the fat pad of the atrioventricular groove in a clockwise 
direction to the left fibrous trigone; 

[6) inserting the tip of the needle back through the left 
atrial myocardial wall and the endocardium from the 
epicardial aspect at the left fibrous trigone; 

{7} passing the needle and a portion of the annuloplasty 
ring back through the left atrial myocardial wall from 
the epicardial aspect and back through the endocardium 
at the left fibrous trigone; 
{&) positioning the flexible section substantially parallel to 

a posterior portion of the mitral valve annulus; 
'9) aligning the rigid section along an anterior portion of 

the mitral valve annulus; 
[10) positioning the bow of the rigid section to conform 
to a contour of the mitral valve annulus adjacent the 
aortic valve root, and further positioning the flexible 
section around a posterior portion of the mitral vale 
annulus; 

'11) detaching the needle from the flexible section; 
12) determining the appropriate size of the annuloplasty 
ring; 

'13) cutting the flexible section of the annuloplasty ring to 
the appropriate size; 

14) closing the annuloplasty ring by affixing the distal 
end of the flexible section to the second end of the rigid 
section by inserting the rigid section into the inner 
hollow portion of the flexible section; 

15) suturing the annuloplasty ring to the valve annulus at 
the left and right fibrous trigones; 

16) suturing one point along the posterior section of the 
mitral valve annulus to the flexible section of the 
annuloplasty ring. 
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(57) ABSTRACT 

Adevice for treatment of mitral annulus dilatation comprises 
an elongate body having two states. In a first of these states 
the elongate body is insertable into the coronary sinus and 
has a shape adapting to the shape of the coronary sinus. 
When positioned in the coronary sinus, the elongate body is 
transferable to the second state assuming a reduced radius of 
curvature, whereby the radius of curvature of the coronary 
sinus and the radius of curvature as well as the circumfer- 
ence of the mitral annulus is reduced. 

10 Claims, 5 Drawing Sheets 
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DEVICE AND METHOD FOR TREATMENT 
OF MITRAL INSUFFICIENCY 

BACKGROUND OF THE INVENTION 

The present invention generally relates to a device and a 
method for treatment of mitral insufficiency and, more 
specifically, for treatment of dilatation of the mitral annulus. 

Mitral insufficiency can result from several causes, such 
as ischemic disease, degenerative disease of the mitral 
apparatus, rheumatic fever, endocarditis, congenital heart 
disease and cardiomyopathy. The four major structural com- 
ponents of the mitral valve are the annulus, the two leaflets, 
the chordae and the papillary muscles. Any one or all of 
these in different combinations may be injured and create 
insufficiency. Annular dilatation is a major component in the 
pathology of mitral insufficiency regardless of cause. 
Moreover, many patients have a mitral insufficiency prima- 
rily or only due to posterior annular dilatation, since the 
annulus of the anterior leaflet does not dilatate because it is 
anchored to the fibrous skeleton of the base of the heart. 

Studies of the natural history of mitral insufficiency have 
found that totally asymptomatic patients with severe mitral 
insufficiency usually progress to severe disability within five 
years. At present the treatment consists of either mitral valve 
replacements or repair, both methods requiring open heart 
surgery. Replacement can be performed with either 
mechanical or biological valves. 

The mechanical valve carries the risk of thromboembo- 
lism and requires anticoagulation, with all its potential 
hazards, whereas biological prostheses suffer from limited 
durability. Another hazard with replacement is the risk of 
endocarditis. These risks and other valve related compb'ca- 
tions are greatly diminished with valve repair. 

Mitral valve repair is theoretically possible if an essen- 
tially normal anterior leaflet is present. The basic four 
techniques of repair include the use of an annuloplasty ring, 
quadrangular segmental resection of diseased posterior 
leaflet, shortening of elongated chordae, and transposition of 
posterior leaflet chordae to the anterior leaflet. 

Annuloplasty rings are needed to achieve a durable reduc- 
tion of the annular dilatation. All the common rings are 
sutured along the posterior mitral leaflet adjacent to the 
mitral annulus in the left atrium. The Duran ring encircles 
the valve completely, whereas the others are open towards 
the anterior leaflet. The ring can either be rigid, like the 
original Carpentier ring, or flexible but non-elastic, like the 
Duran ring or the Cosgrove -Edwards ring. 

Effective treatment of mitral insufficiency currently 
requires open-heart surgery, by the use of total cardiopul- 
monary by-pass, aortic cross-clamping and cardioplegic 
arrest. 

To certain groups of patient, this is particular hazardous. 
Elderly patients, patients with a poor left ventricular 
function, renal disease, severe calcification of the aorta, 
previous cardiac surgery or other concomitant diseases, 
would in particular most likely benefit from a less invasive 
approach, even if repair is not complete. The current trend 
towards less invasive coronary artery surgery, without car- 
diopulmonary by-pass, as well as PTCA will also call for a 
development of a less invasive method for repair of the often 
concomitant mitral insufficiency. 

SUMMARY OF THE INVENTION 

Therefore, a first object of the present invention is to 
provide a device and a method for treatment of mitral 
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insufficiency without the need for cardiopulmonary by-pass 
and opening of the chest and heart. 

A second object of the invention is to provide reduction of 
the mitral annulus using less invasive surgery. 

These and other objects are attained by a device as defined 
in the appended claim 1, and by a method as defined in the 
appended claim 7. 

According to the present invention, a device for treatment 
) of mitralis insufficiency comprises an elongate body having 
such dimensions as to be intertable into the coronary sinus 
and having two states, in a first state of which the elongate 
body has a shape that is adaptable to the shape of the 
coronary sinus, and to the second state of which the elongate 
. body is transferable from the said first state assuming a 
reduced radius of curvature, whereby the radius of curvature 
of the coronary sinus is reduced as well as the circumference 
of the mitral valve annulus, when the elongate body is 
positioned in the coronary sinus. 
20 Preferably, means are provided for the transfer of the 
elongate body to the second state by bending and/or short- 
ening it from a larger radius of curvature to a smaller radius 
of curvature. 

The transfer means may comprise means for bending 
25 and/or shortening the elongate body by a preferably asym- 
metric contraction thereof. 

Further, the elongate body may comprise a memory 
material providing the transfer to the second state. 

In a preferred embodiment, the elongate body may com- 
30 prise a stent. In an alternative embodiment, the device 
according to the invention may comprise several stent 
sections and said bending and/or shortening means may 
comprise wires for shortening the distance between the stent 
sections. 

According to a second aspect, a method of reducing the 
circumference of the mitral valve annulus comprises the 
steps of inserting an elongate body into the coronary sinus 
in the vicinity of the posterior leaflet of the mitral valve, and 

^ then providing a bending and/or shortening of the elongate 
body when positioned in the coronary sinus so as to reduce 
the curvature of the coronary sinus and thereby reduce the 
circumference of the mitral valve annulus. 
Thus, the present invention takes advantage of the posi- 

45 tion of the coronary sinus being close to the mitral annulus. 
This makes repair possible by the use of current catheter- 

. guided techniques. 

The coronary veins drain blood from the myocardium to 
the right atrium. The smaller veins drain blood directly into 

50 the atrial cavity, and the larger veins accompany the major 
arteries and run into the coronary sinus which substantially 
encircles the mitral orifice and annulus. It runs in the 
posterior atrioventricular groove, lying in the fatty tissue 
between the left atrial wall and the ventricular myocardium, 

55 before draining into the right atrium between the atrial 
septum and the post-Eustachian sinus. 

In an adult, the course of the coronary sinus may approach 
within 5-15 mm of the medial attachment of the posterior 
leaflet of the mitral valve. Preliminary measurements per- 

60 formed at autopsies of adults of normal weight show similar 
results, with a distance of 5,3±0,6 mm at the medial attach- 
ment and about 10 mm at the lateral aspect of the posterior 
leaflet. The circumference of the coronary sinus was 
18,3±2,9 mm at its ostium (giving a diameter of the posterior 

65 leaflet of 5,8x0,9 mm) and 9,7±0 7 6 mm along the lateral 
aspect of the posterior leaflet (corresponding to a diameter of 
3,l±0,2mm). 
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BRIEF DESCRIPTION OF THE DRAWINGS sinus 5. Proximally of the locking means 16 the metal wire 

. .. .„ . . . . ,. . ... . of the stabilizing instrument 11 is more pliable to be able to 

The invention will be better understood by the following easi[ foUow £ bends rf ^ ^ 

description 01 preferred embodiments referring to the _ , , , . . „ . . . . . 

appended drawings, in which " < ™ e above-desenbed elongate body 8 is positioned in the 

n „ „ . . , . . , 5 coronary sinus 5 m the following way: 

FIG. 1 is a cross-sectional view of a part of a heart, A . 4 , A . t , , * - . . 

- , „ . . /- , An introduction sheet (not shown) of synthetic material 

FIGS. 2 and 3 are schematic views of a first embodiment may be ^ to t acccss tQ the vcnous (cm Havi 

of a device according to the present invenUon, rcachcd acccss to thc veQ0US systcmj a Jong wifC 

FIGS. 4-6 are schematic views illustrating an instrument, (not shown) of metal is advanced through the introduction 

which may be used when positioning the device shown in 10 sheet and via the venous system to the coronary sinus 5. This 

FIGS. 2 and 3 in the coronary sinus, guiding wire is provided with X-ray distance markers so that 

FIG. 7 is a partial, enlarged view of the first embodiment the position of the guiding wire in the coronary sinus 5 may 

shown in FIG. 2. be monitored. 

FIGS. 8 and 9 are schematic views illustrating the posi- J5 The elongate body 8 is locked onto the stabilizing instru- 

tioning of the device of FIGS. 2 and 3 in the coronary sinus, ment 12, as shown in FIG. 5, and introduced into the long 

FIGS. 10 and 11 are schematic views illustrating the sheet 11 of synthetic material. This aggregate is then 

positioning of a second embodiment of the device according ^ M lhe introduction sheet and the venous system 

to the present invention in the coronary sinus, and to coronary smus 5 riding on the guiding wire. After 

CT ^c n j , -n * *• *u exact positioning of the elongate body 8 in the coronary 

FIGS. 12 and 13 are schematic views illustrating the 20 ... „ / „„ ;11 .°, . . CTr , £ . Y . . - ft / 

.... c ... , . . g -i • .? . sinus 5, as illustrated m FIG. 8 where the mitral valve 19 is 

positioning of a third embodiment of the device according to . I. ^ A *u u , n • 

f. ?■»•■■ *u shown having central gap 20, the cover sheet 11 is retracted 

the present invention m the coronary sinus. . , . °, r . 0 ... . . 

r ' exposing the elongate body 8 within the coronary sinus 5. 

DESCRIPTION OF THE PREFERRED This maneuver allows the hooks 10 on the elongate body 8 

EMBODIMENTS 25 t0 ^ * nt ° ^ e wa ^ s °^ ^ e coronar y sinus 5 and into the 

heart. The elongate body 8 is still locked on to the stabilizing 

FIG. 1 is a cross-sectional view through the heart area of instrument 12 such that the hooks 10 engage the walls of the 

the posterior atrioventricular groove 1, which is filled with coronary sinus 5 in the stretched or extended state of the 

fatty tissues. It shows the posterior leaflet 2 of the mitral elongate body 8. 

valve and the adjoining parts 3, 4 of the atrial myocardium A cath eter 21, shown in FIG. 6, is pushed forward on the 

and the ventricular myocardium. The coronary sinus 5 is guiding wire and the rod 15 for releasing the elongate body 

shown close to the mitral annulus 6 and behind the attach- g f rom the locking means 16 by pressing the spring blades 

ment 7 of the posterior leaflet 2. Since the coronary sinus 5 18 lowar ds the rod 15. This movement releases the knobs 17 

substantially encircles the mitral annulus 6, a reduction of ^ well as me ^ms 13 from engagement with the elongate 

the radius of curvature of the bent coronary sinus 5 also will 5ody g which contracts as illustrated in FIG. 9 and as a result 

result m a diameter and circumference reduction of the bends towards the mitral valve annulus 6 moving the pos- 

mitral annulus 6. terior part thereof forward (shown by arrows in FIG. 9). This 

The device of FIG. 2 comprises an elongate body 8 made movement reduces the circumference of the mitral valve 

of memory metal, e.g. Nitinol, or other similar material annulus 6 and thereby closes the central gap 20. 

which has a memory of an original shape, illustrated in FIG. ^ piG. 7 illustrates a part of an arrangement of the wires 9 

3, and can be temporary forced into another shape, illus- and the hooks 10 along a peripheral part of the elongate body 
trated in FIG. 2. This elongate body 8 comprises one, two or g f whereby the elongate body 8 will be asymmetrically 
more memory metal strings 9 of helical or other shape so as contracted resulting in a bending thereof when interconnect- 
to fit together and be able of permitting the movements in g parls 22 of at least some of the hooks 10 are shortened 
described below. Along the elongate body 8 several hooks ^ j 0 an original shape. 

10 are fastened so as to extend radially out therefrom. These nGS 1Q ^ u " aiurtnite an alternative embodiment of 

hooks 10 are covered by a cover sheet 11 in FIG. 2. an ekmgate My ^ which is a solid ^ in the shapc of an 

The elongate body 8 is forced into a stretched or extended 0 p Cn U-shaped ring that will engage the wall of the coronary 

state by means of a stabilizing instrument 12 shown in FIG. s [ nus 5 mos t adjacent to the mitral valve annulus 6 when 

4. This instrument 12 has two arms 13 at a distal end 14 of 50 inserted into the coronary sinus 5. The elongate body 8' 
a rod 15 and a locking means 16 at a proximal end of the rod consists of a memory metal material which when reverting 
15. The distance between the ends of the rod 15 corresponds t o its original shape will bend as illustrated in FIG. 11. The 
to the desired length of the elongate body 8 when being rct urn of the open ring 8' to its original shape may be 
inserted into the coronary sinus 5. initiated in several ways, as is obvious to the man skilled in 

The arms 13 are free to move between the position shown 55 the art. 

in FIG. 4 and a position in alignment with the rod 15, as The third embodiment of the elongate body 8", illustrated 

shown in FIG. 6. The locking means 16 has two locking i n FIGS. 12 and 13, comprises three stent sections 23-25 

knobs 17, which are pressed radially outwards from the rod positioned at one end of the elongate body 8", at the middle 

15 by two spring blades 18. Thus, the elongated body 8 can thereof and at the other end of the elongate body 8", 

be pushed over the rod 15 of the stabilizing instrument 12, 60 respectively. These stent sections 23-25 may be positioned 

then stretched between the arms 13 and the knobs 17, and in the coronary sinus 5 as illustrated by conventional means, 

finally locked in its stretched state on the stabilizing instru- such that their positions are fixed. They are connected by 

ment 12 between the arms 13 and the knobs 17, as illustrated wires 26, 27, which may be maneuvered from outside the 

in FIG. 5. vein system such that the distances between the adjacent 

The rod 15 may be a metal wire which is relatively stiff 65 stent sections 23, 24 and 24, 25 are reduced. More 

between the distal end 14 and the locking means 16 but still specifically, these distances are reduced asymmetrically, i.e. 

so bendable that it will follow the shape of the coronary more on the side of coronary sinus 5 most adjacent to the 
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posterior part of the mitral valve annulus 6. Thereby, the 
elongate body 8" is bent, as illustrated in FIG. 13, and 
presses the coronary sinus 5 against the mitral valve annulus 
6 closing the gap 20. 

Concludingly, the present invention provides a device 5 
placed in the coronary sinus, designed to reduce the dilata- 
tion of the mitral annulus. This device is at a distance from 
the attachment of the posterior leaflet that does not much 
exceed the distance at which present annuloplasty rings are 
placed by open surgery techniques, and the coronary sinus is 1° 
along its entire course large enough to hold such a device. 
The device could be positioned by catheter technique or any 
other adequate technique and offers a safer alternative to the 
current open surgery methods. The device could be designed 
or hep ar in-coated so as to avoid thrombosis in the coronary 15 
sinus, thus reducing the need for aspirin, ticlopedine or 
anticoagulant therapy. 

It is to be understood that modifications of the above- 
described device and method can be made by people skilled 
in the art without departing from the spirit and scope of the 20 
invention. 

What is claimed is: 

1. A device for treatment of mitral annulus dilatation, 
comprising an elongate body having such dimensions as to 

be insertable into the coronary sinus and having two states, 25 
in a first of which the elongate body has a shape that is 
adaptable to the shape of the coronary sinus, and to the 
second of which the elongate body is transferable from the 
said first state assuming a reduced radius of curvature, 
whereby the radius of curvature of the coronary sinus is 30 
reduced as well as the circumference of the mitral valve 
annulus, when the elongate body is positioned in the coro- 
nary sinus. 

2. A device according to claim 1, further comprising 
means for the transfer of the elongate body to the second 
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state by bending and shortening it from a larger radius of 
curvature to a smaller radius of curvature. 

3. A device according to claim 2, wherein said transfer 
means comprises means for bending and shortening the 
elongate body by a contraction thereof. 

4. A device according to claim 1, wherein the elongate 
body comprises a memory material providing the transfer to 
the second state. 

5. A device according to claim 1, wherein the elongate 
body comprises a stent. 

6. A device according to claim 2, wherein the elongate 
body comprises several stent sections and said bending 
means comprises wires for shortening the distance between 
the stent sections. 

7. A method of reducing the circumference of the mitral 
valve annulus, comprising inserting an elongate body into 
the coronary sinus in the vicinity of the posterior leaflet of 
the mitral valve, and providing a bending and shortening of 
the elongate body when positioned in the coronary sinus so 
as to reduce the curvature of the coronary sinus and thereby 
reduce the radius of circumference of the mitral valve 
annulus. 

8. A method according to claim 7, wherein said bending 
and shortening of the elongate body is provided by a 
contraction thereof. 

9. A method according to claim 7, wherein a memory 
material is used in the elongate body for providing the 
transfer to the second state. 

10. A method according to claim 7, wherein the elongate 
body is made from several stent sections and wires are used 
for shortening the distance between the stent sections in 
order to bend the elongate body. 

***** 
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(57) ABSTRACT 

An anchor anchors a therapeutic device having an elongated 
body within a body lumen. The anchor includes a fixation 
member carried on the device which is adjustable from a first 
configuration that permits placement of the device in the 
body lumen to a second configuration that anchors the 
device within the body lumen. The anchor further includes 
a lock that locks the fixation member in the second con- 
figuration. The fixation member may be locked in any one of 
a plurality of intermediate points between the first configu- 
ration and a maximum second configuration. 
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BODY LUMEN DEVICE ANCHOR, DEVICE AND 
ASSEMBLY 

FIELD OF THE INVENTION 

[0001] The present invention generally relates to an 
anchor for use with a device which requires anchoring in a 
body lumen. The present invention more particularly relates 
to a mitral valve annulus device and assembly wherein the 
device is deployed and anchored in the coronary sinus of a 
heart adjacent the mitral valve annulus to reshape the mitral 
valve annulus. 

BACKGROUND OF THE INVENTION 

[0002] The human heart generally includes four valves. Of 
these valves, a most critical one is known as the mitral valve. 
The mitral valve is located in the left atrial ventricular 
opening between the left atrium and left ventricle. The mitral 
valve is intended to prevent regurgitation of blood from the 
left ventricle into the left atrium when the left ventricle 
contracts. In preventing blood regurgitation the mitral valve 
must be able to withstand considerable back pressure as the 
left ventricle contracts. 

[0003] The valve cusps of the mitral valve are anchored to 
muscular wall of the heart by delicate but strong fibrous 
cords in order to support the cusps during left ventricular 
contraction. In a healthy mitral valve, the geometry of the 
mitral valve ensures that the cusps overlie each other to 
preclude regurgitation of the blood during left ventricular 
contraction. 

[0004] The normal functioning of the mitral valve in 
preventing regurgitation can be impaired by dilated cardi- 
omyopathy caused by disease or certain natural defects. For 
example, certain diseases may cause dilation of the mitral 
valve annulus. This can result in deformation of the mitral 
valve geometry to cause ineffective closure of the mitral 
valve during left ventricular contraction. Such ineffective 
closure results in leakage through the mitral valve and 
regurgitation. Diseases such as bacterial inflammations of 
the heart or heart failure can cause the aforementioned 
distortion or dilation of the mitral valve annulus. Needless to 
say, mitral valve regurgitation must not go uncorrected. 

[0005] One method of repairing a mitral valve having 
impaired function is to completely replace the valve. This 
method has been found to be particularly suitable for replac- 
ing a mitral valve when one of the cusps has been severely 
damaged or deformed. While the replacement of the entire 
valve eliminates the immediate problem associated with a 
dilated mitral valve annulus, presently available prosthetic 
heart valves do not possess the same durability as natural 
heart valves. 

[0006] Various other surgical procedures have been devel- 
oped to correct the deformation of the mitral valve annulus 
and thus retain the intact natural heart valve function. These 
surgical techniques involve repairing the shape of the dilated 
or deformed valve annulus. Such techniques, generally 
known as annuloplasty, require surgically restricting the 
valve annulus to minimize dilation. Here, a prosthesis is 
typically sutured about the base of the valve leaflets to 
reshape the valve annulus and restrict the movement of the 
valve annulus during the opening and closing of the mitral 
valve. 



[0007] Many different types of prostheses have been 
developed for use in such surgery. In general, prostheses are 
annular or partially annular shaped members which fit about 
the base of the valve annulus. The annular or partially 
annular shaped members may be formed from a rigid 
material, such as a metal, or from a flexible material. 

[0008] While the prior art methods mentioned above have 
been able to achieve some success in treating mitral regur- 
gitation, they have not been without problems and potential 
adverse consequences. For example, these procedures 
require open heart surgery. Such procedures are expensive, 
are extremely invasive requiring considerable recovery time, 
and pose the concomitant mortality risks associated with 
such procedures. Moreover, such open heart procedures are 
particularly stressful on patients with a compromised cardiac 
condition. Given these factors, such procedures are often 
reserved as a last resort and hence are employed late in the 
mitral regurgitation progression. Further, the effectiveness 
of such procedures is difficult to assess during the procedure 
and may not be known until a much later time. Hence, the 
ability to make adjustments to or changes in the prostheses 
to obtain optimum effectiveness is extremely limited. Later 
corrections, if made at all, require still another open heart 
surgery. 

[0009] An improved therapy to treat mitral regurgitation 
without resorting to open heart surgery has recently been 
proposed. This is rendered possible by the realization that 
the coronary sinus of a heart is near to and at least partially 
encircles the mitral valve annulus and then extends into a 
venous system including the great cardiac vein. As used 
herein, the term "coronary sinus" is meant to refer to not 
only the coronary sinus itself but in addition, the venous 
system associated with the coronary sinus including the 
great cardiac vein. The therapy contemplates the use of a 
device introduced into the coronary sinus to reshape and 
advantageously effect the geometry of the mitral valve 
annulus. 

[0010] The device includes a resilient member having a 
cross sectional dimension for being received within the 
coronary sinus of the heart and a longitudinal dimension 
having an unstressed arched configuration when placed in 
the coronary sinus. The device partially encircles and exerts 
an inward pressure on the mitral valve. The ioward pressure 
constricts the mitral valve annulus, or at least a portion of it, 
to essentially restore the mitral valve geometry. This pro- 
motes effective valve sealing action and eliminates mitral 
regurgitation. 

[0011] The device may be implanted in the coronary sinus 
using only percutaneous techniques similar to the techniques 
used to implant cardiac leads such as pacemaker leads. One 
proposed system for implanting the device includes an 
elongated introducer configured for being releasably 
coupled to the device. The introducer is preferably flexible 
to permit it to advance the device into the heart and into the 
coronary sinus through the coronary sinus ostium. To pro- 
mote guidance, an elongated sheath is first advanced into the 
coronary sinus. Then, the device and introducer are moved 
through a lumen of the sheath until the device is in position 
within the coronary sinus. Because the device is formed of 
resilient material, it conforms to the curvatures of the lumen 
as it is advanced through the sheath. The sheath is then 
partially retracted to permit the device to assume its 
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unstressed arched configuration. Once the device is properly 
positioned, the introducer is then decoupled from the device 
and retracted through the sheath. The procedure is then 
completed by the retraction of the sheath. As a result, the 
device is left within the coronary sinus to exert the inward 
pressure on the mitral valve to restore mitral valve geometry. 

[0012] The foregoing therapy has many advantages over 
the traditional open heart surgery approach. Since the 
device, system and method may be employed in a compara- 
tively noninvasive procedure, mitral valve regurgitation may 
be treated at an early stage in the mitral regurgitation 
progression. Further, the device may be placed with relative 
ease by any minimally invasive cardiologist. Still further, 
since the heart remains completely intact throughout the 
procedure, the effectiveness of the procedure may be readily 
determined. Moreover, should adjustments be deemed desir- 
able, such adjustments may be made during the procedure 
and before the patient is sent to recovery. 

[0013] Another approach to treat mitral regurgitation with 
a device in the coronary sinus is based upon the observation 
that the application of a localized force against a discrete 
portion of the mitral valve annulus can terminate mitral 
regurgitation. This suggests that mitral regurgitation may be 
localized and nonuniform. Hence, the device applies a force 
to one or more discrete portions of the atrial wall of the 
coronary sinus to provide localized mitral valve annulus 
reshaping instead of generalized reshaping of the mitral 
valve annulus. Such localized therapy would have all the 
benefits of the generalized therapy. In addition, a localized 
therapy device may be easier to implant and adjust. 

[0014] A still further approach to treat mitral regurgitation 
from the coronary sinus of the heart contemplates a device 
having a first anchor configured to be positioned within and 
fixed to the coronary sinus of the heart adjacent the mitral 
valve annulus within the heart, a cable fixed to the first 
anchor and extending proximally from the first anchor 
within the heart, a second anchor configured to be positioned 
in and fixed in the heart proximal to the first anchor and 
arranged to slidingly receive the cable, and a lock that locks 
the cable on the second anchor. When the first and second 
anchors are fixed within the heart, the cable may be drawn 
proximally and locked on the second anchor. The geometry 
of the mitral valve is thereby effected. This approach pro- 
vides flexibility in that the second anchor may be positioned 
and fixed in the coronary sinus or alternatively, the second 
anchor may be positioned and fixed in the right atrium. This 
approach further allows adjustments in the cable tension 
after implant. 

[0015] A still further alternative for treating mitral regur- 
gitation contemplates a device having a first anchor config- 
ured to be positioned within and anchored to the coronary 
sinus of the heart adjacent the mitral valve annulus within 
the heart. A second anchor is configured to be positioned 
within the heart proximal to the first anchor and adjacent the 
mitral valve annulus within the heart. A connecting member, 
having a fixed length, is permanently attached to the first and 
second anchors. As a result, when the first and second 
anchors are within the heart with the first anchor anchored 
in the coronary sinus, the second anchor may be displaced 
proximally to effect the geometry of the mitral valve annulus 
and released to maintain the effect on the mitral valve 
geometry. The second anchor may be configured, when 



deployed, to anchor against distal movement but be move- 
able proximally to permit the second anchor to be displaced 
proximally within the coronary sinus. 

[0016] A further device that effects the condition of a 
mitral valve annulus of a heart also includes an elongated 
member dimensioned to be placed in the coronary sinus of 
the heart adjacent the mitral valve annulus. Here, the elon- 
gated member is flexible when placed in the heart in a first 
orientation to position the device in the coronary sinus 
adjacent the mitral valve annulus and relatively inflexible 
when rotated into a second orientation after the device is 
positioned in the coronary sinus adjacent to the mitral valve 
annulus. 

[0017] The device thus has a first radius of curvature when 
in the first orientation and a second and greater radius of 
curvature when in the second orientation to effect the mitral 
valve geometry. Once positioned and in the second orien- 
tation, the device is anchored against both longitudinal and 
rotational movement. 

[0018] Devices, other than those described above may be 
placed in body lumens other than the coronary sinus for 
therapeutic effect. All such devices must be anchored against 
movement when deployed at least for an acute phase until 
the natural body mechanisms produce sufficient fibrotic 
tissue about the devices for permanent fixation. While the 
device anchors must protect against device movement, they 
must also allow ready deployment to facilitate device 
implant. However, it is desirable that the anchors also be 
readily releasable, at least during the acute phase to permit 
device position adjustment or even device removal if 
required. All of these factors are especially important for 
devices implanted in the heart because of the potential need 
for precise device positioning during implant and the 
extreme movement of the heart during heartbeats. 

SUMMARY OF THE INVENTION 

[0019] The invention provides an anchor that anchors a 
device having an elongated body in a body lumen. The 
anchor includes a fixation member carried on the device, the 
fixation member being adjustable from a first configuration 
that permits placement of the device in the body lumen to a 
second configuration that anchors the device within the body 
lumen, and a lock that locks the fixation member in the 
second configuration. 

[0020] The lock is releasable to release the fixation mem- 
ber from the second configuration to permit the device to be 
removed from the body lumen. The fixation member may 
also be deformable to permit the device to be moved within 
the body lumen. 

[0021] The fixation member is adjustable from the first 
configuration to a maximum second configuration. The lock 
may be configured to lock the fixation member at any one of 
a plurality of intermediate points between the first configu- 
ration and the maximum second configuration. 

[0022] The fixation member may be elongated and have a 
first end hingedly coupled to the device body. The fixation 
member may thus extend along the device body closely 
spaced to the device body when in the first configuration and 
be pivoted from the device body to the second configuration 
to engage and anchor the device in the body lumen. 
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[0023] The anchor may further include a support that 
renders the fixation member substantially rigid when in the 
second configuration. The support may be an extension of 
the fixation member, wherein the fixation member includes 
a second end opposite the first end and wherein the lock 
locks the fixation member second end on the device body. 

[0024] The fixation member may include a second end 
opposite the first end. The support may include a support 
member having a first end hingedly coupled to the fixation 
member second end and a second end opposite the support 
member first end. The lock may lock the support member 
second end on the device body. The support member second 
end may be slidable along the device body. The anchor may 
include a plurality of the fixation members and/or a plurality 
of support members. 

[0025] The invention further provides a device that effects 
the condition of a mitral valve annulus of a heart. The device 
includes an elongated body dimensioned to be placed in the 
coronary sinus of the heart adjacent the mitral valve annulus. 
The device further includes a fixation member carried by the 
device, the fixation member being adjustable from a first 
configuration that permits placement of the device in the 
coronary sinus to a second configuration that anchors the 
device within the coronary sinus, and a lock that locks the 
fixation member in the second configuration. 

[0026] The lock is releasable to release the fixation mem- 
ber from the second configuration to permit the device to be 
moved within the coronary sinus. The fixation member may 
be deformable to permit the device to be moved within the 
coronary sinus. 

[0027] The fixation member may be adjustable from the 
first configuration to a maximum second configuration and 
the lock may lock the fixation member at any one of a 
plurality of intermediate points between the first configura- 
tion and the maximum second configuration. 

[0028] The fixation member is elongated and has a first 
end hingedly coupled to the device body. The fixation 
member may extend along the device body closely spaced to 
the device body when in the first configuration and may be 
pivoted from the device body when in the second configu- 
ration to engage the coronary sinus and anchor the device in 
the coronary sinus. The device may further include a support 
that renders the fixation member substantially rigid when in 
the second configuration. The support may be an extension 
of the fixation member, wherein the fixation member 
includes a second end opposite the first end and wherein the 
lock locks the fixation member second end on the device 
body. The fixation member second end may be slidable 
along the device body and the device may include a plurality 
of the fixation members. 

[0029] The fixation member may include a second end 
opposite the first end. The support may be a separate support 
member having a first end hingedly coupled to the fixation 
member second end and second end opposite the support 
member first end. The lock may then lock the support 
member second end on the device body. The support mem- 
ber second end may be slidable along the device body. The 
device may include a plurality of the fixation members and 
support members. 

[0030] The invention further provides an assembly that 
effects the condition of a mitral valve annulus of a heart. The 



assembly includes a mitral valve therapy device dimen- 
sioned to be placed in the coronary sinus adjacent the mitral 
valve annulus. The device includes an elongated body, a 
fixation member carried by the device, the fixation member 
being adjustable from a first configuration that permits 
placement of the device in the coronary sinus to a second 
configuration that anchors the device within the coronary 
sinus, and a lock that locks the fixation member in the 
second configuration. The assembly further includes a flex- 
ible catheter having a lumen that receives the device and 
being dimensioned to be advanced into the coronary sinus to 
place the device adjacent the coronary sinus. 

[0031] The assembly may further include an elongated 
pusher that is received by the lumen of the catheter proximal 
to the device and that permits the device and the catheter to 
be moved opposite each other. The assembly may further 
include a tether receivable by the catheter lumen and eng- 
agable with the device to pull the device distally with respect 
to the catheter. The catheter may be used to transition the 
fixation member from the first configuration to the second 
configuration. For example, the fixation member may be 
elongated and have a first end hingedly coupled to the device 
body. The fixation member may then extend along the 
device body when in the first configuration and the fixation 
member may be pivoted from the device body into the 
second configuration by distal movement of the catheter 
with respect to the device to cause the fixation member to 
engage the coronary sinus and anchor the device in the 
coronary sinus. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0032] The features of the present invention which are 
believed to be novel are set forth with particularity in the 
appended claims. The invention, together with further 
aspects and advantages thereof, may best be understood by 
making reference to the following description taken in 
conjunction with the accompanying drawings, in the several 
figures of which like reference numerals identify identical 
elements, and wherein: 

[0033] FIG. 1 is a superior view of a human heart with the 
atria removed; 

[0034] FIG. 2 is a superior view of a human heart similar 
to FIG. 1 illustrating a mitral valve therapy device including 
an anchor embodying the present invention deployed therein 
along with an assembly embodying the present invention for 
deploying the device; 

[0035] FIG. 3 is a side view with portions cut away 
illustrating a first step in deploying the device anchor of the 
device of FIG. 2; 

[0036] FIG. 4 is a side view similar to FIG. 3 illustrating 
a further step in the deployment of the anchor embodying the 
present invention; 

[0037] FIG. 5 is a side view similar to FIG. 3 illustrating 
a further step in the deployment of the device anchor; 

[0038] FIG. 6 is a side view similar to FIG. 3 illustrating 
the deployed device anchor; 

[0039] FIG. 7 is a side view similar to FIG. 3 illustrating 
a first step in the removal of the device anchor; 

[0040] FIG. 8 is a side view similar to FIG. 3 illustrating 
a final step in the removal of the device anchor; 
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[0041] FIG. 9 is a side view similar to FIG. 3 illustrating 
an alternate embodiment of a deployed device anchor 
embodying the present invention; 

[0042] FIG. 10 is a side view similar to FIG. 3 illustrating 
a further embodiment of a deployed device anchor embody- 
ing the present invention; 

[0043] FIG. 11 is a side view similar to FIG. 3 illustrating 
a still further embodiment of a deployed device anchor 
embodying the present invention; and 

[0044] FIG. 12 is an end view of FIG. 11. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0045] Referring now to FIG. 1, it is a superior view of a 
human heart 10 with the atria removed to expose the mitral 
valve 12, the coronary sinus 14, the coronary artery 15, and 
the circumflex artery 17 of the heart 10 to lend a better 
understanding of the present invention. Also generally 
shown in FIG. 1 are the pulmonary valve 22, the aortic valve 
24, and the tricuspid valve 26 of the heart 10. 

[0046] The mitral valve 12 includes an anterior cusp 16, a 
posterior cusp 18 and an annulus 20. The annulus encircles 
the cusps 16 and 18 and maintains their spacing to provide 
a complete closure during a left ventricular contraction. As 
is well known, the coronary sinus 14 partially encircles the 
mitral valve 12 adjacent to the mitral valve annulus 20. As 
is also known, the coronary sinus is part of the venus system 
of the heart and extends along the AV groove between the 
left atrium and the left ventricle. This places the coronary 
sinus essentially within the same plane as the mitral valve 
annulus making the coronary sinus available for placement 
of the mitral valve therapy device of the present invention 
therein. 

[0047] FIG. 2 shows a mitral valve therapy device 30 
embodying the present invention shown deployed in the 
coronary sinus 14 of the heart 10 adjacent the mitral valve 
annulus 20 for effecting the geometry of the mitral valve 
annulus. Also shown in FIG. 2 is a deployment system 50 
that deploys the device 30 in the coronary sinus 14. The 
device 30 takes the form of an elongated body 32 which 
includes a distal anchor 34 embodying the present invention 
and a proximal anchor 36. 

[0048] The anchors 34 and 36 are shown in FIG. 2 in their 
deployed configuration. As will be seen hereinafter, upon 
deployment of the device 30 in the coronary sinus, the distal 
anchor 34 is transitioned from a first configuration to a 
locked second configuration. In the process, it is expanded 
outwardly to anchor the device in the coronary sinus against 
both bidirectional longitudinal and rotational movement. 
The proximal anchor however, when deployed, is configured 
to permit proximal movement. This allows the device 30 to 
be tightened within the coronary sinus by proximal pulling 
of the anchor 36 after the distal anchor 34 is deployed. The 
device 30 may be formed from Nitinol or stainless steel, for 
example. 

[0049] The deployment system 50 illustrated in FIG. 2 
includes an elongated catheter 52, an elongated pusher 54, 
and a tether 56. In deploying the device 30, the tether 56 is 
first looped about the proximal anchor 36 of the device 30 
as illustrated and the device is then loaded into the catheter 



50. The tether 56 is then threaded through an internal lumen 
58 of the pusher 54 and looped around the proximal anchor 
36 of the device 30 as illustrated. The pusher 54 is then 
advanced along the tether 56 for engaging the device 30 and 
pushing the device distally down the catheter to a predeter- 
mined position at the distal end of the catheter 50. The 
catheter with the device 30 loaded therein is then fed into the 
heart and through the coronary sinus ostium 30 into the 
coronary sinus to place the catheter in a position such that 
the device 30 is adjacent the mitral valve annulus 20. 
Thereafter, the device is maintained in a stationary position 
by the pusher 54 as the catheter 50 is partially withdrawn to 
expose the distal anchor 34. Once the distal anchor is 
exposed, it is deployed by the catheter in a manner to be 
described more particularly with respect to FIGS. 3-6. Once 
the distal anchor 34 is deployed, the catheter 50 is then 
retracted proximally of the proximal anchor 36. This 
exposes the proximal anchor 36 and permits the proximal 
anchor to self deploy. Once the proximal anchor is deployed, 
the tether 56 is pulled proximally to move the proximal 
anchor 36 in a proximal direction for tightening the device 
within the coronary sinus and to an extent which results in 
the desired effect on the geometry of the mitral valve 
annulus 20. During this adjustment process, mitral regurgi- 
tation may be monitored and the device adjusted for optimal 
results. When the device 30 is in its final position within the 
coronary sinus 14, the pusher 54 and catheter 50 may be 
removed from the heart. The tether 56 may be permitted to 
remain in the heart during an acute phase to ascertain the 
effectiveness of the device 30. Should further adjustment of 
the device be necessary, the tether 56 may then be used as 
a guide for guiding the introduction of the catheter 50 back 
into the heart. 

[0050] FIGS. 3-6 illustrate the manner in which the distal 
anchor 34 may be deployed in the coronary sinus 14 for 
anchoring the device 30. It will be appreciated by those 
skilled in the art, of course, that the anchor 34 may be 
utilized in body lumens other than the coronary sinus and 
with therapeutic devices other than the mitral valve annulus 
therapy device illustrated in FIG. 2. 

[0051] In each of FIGS. 3-6 a portion of the coronary sinus 
has been removed and the pusher has not been illustrated so 
as to not unduly complicate the figures. FIG. 3 shows the 
catheter 50 disposed within the coronary sinus 14 with the 
device 30 and distal anchor within the catheter 50. To that 
end, the catheter includes a lumen 60 which is dimensioned 
to receive the device 30 and the distal anchor 34 when the 
distal anchor 34 is in a first configuration. The distal anchor 
34 includes an elongated fixation member 38 which is 
hingedly coupled to the distal end of the device 30 at a hinge 
40. The elongated fixation member thus extends along the 
body of the device 30. The fixation member includes a 
support 42 which is an extension of the fixation member 38 
and which is hingedly connected to the fixation member 38 
at a hinge point 44. The proximal end of the fixation member 
38 includes a loop 46 which is looped about the device 30 
to permit the loop 46 to slide along the device 30. As will be 
seen subsequently, the loop 46 forms part of a lock for 
locking the anchor 34 in a second configuration for anchor- 
ing in the coronary sinus. 

[0052] To complete the anchor, the device 30 includes a 
resilient enlarged portion 48 over which the loop 46 may 
slide. Once the loop 46 is located distally of the enlarged 
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portion 48, it will be held by the enlarged portion 48 for 
locking the device in the second configuration. 

[0053] FIG. 4 illustrates the anchor 34 after the catheter 
50 has been moved proximal to the anchor 34. More 
specifically, it will be noted that the distal end of the catheter 
50 is now proximal to the loop 46 or proximal end of the 
anchor 34. The shape memory of the anchor has caused the 
anchor to expand and is now partially transitioned from the 
first configuration of FIG. 3 to the second and final con- 
figuration to be described with reference to FIG. 6 subse- 
quently. 

[0054] FIG. 5 illustrates the anchor 34 being transitioned 
from the first configuration to the second configuration. This 
transition is implemented by the distal end of the catheter 50 
pushing the proximal end of the anchor 34 in the distal 
direction. To maintain the position of the anchor 34 during 
the transition, the tether 56 is used to hold the device 30 
against distal movement. 

[0055] The particular configuration of the distal anchor 34 
in accordance with this embodiment may be more particu- 
larly seen in FIG. 5. Here it may be seen that the distal 
anchor is formed of a wire having a first end secured to the 
distal end of the device 30, folded back and looped around 
the device and then back to the distal end of the device. Both 
ends of the anchor are then crimped by a crimp 70. This 
configuration results in a pair of fixation members 38 each 
having a support extension 42. In addition, the fixation 
members 38 may be formed so as to have a loop configu- 
ration to maximize surface contact with the inner wall of the 
coronary sinus 14. 

[0056] As the catheter 50 is moved distally, it forces the 
loop 46 of the anchor 34 over the enlarged portion 48 of the 
device 30 to a point distal to the enlarged portion 48. This 
locks the loop 46 distally of the enlarged portion 48 for 
locking the anchor 34 in an enlarged second configuration as 
illustrated in FIG. 6 to anchor the device 30 within the 
coronary sinus 14. More specifically, it may be seen that the 
supports 42 have been pivoted at the hinge 44 relative to the 
fixation member 38. This allows the fixation members 38 to 
be supported by the supports 42 and securely locked by the 
lock of the loop 46 and enlarged portion 48 of the device 30. 
The fixation members 38 provide broad surface contact with 
the inner wall of the coronary sinus 14. This provides for 
anchoring within the coronary sinus of the device 30 against 
both bidirectional longitudinal and rotational movement. 
Once the anchor 34 is deployed as illustrated in FIG. 6, the 
catheter 50 may then be removed as indicated by the arrow 
72. 

[0057] One of the many features of the anchor of the 
instant invention is that it may be moved within or removed 
from the body lumen in which it is deployed. More specifi- 
cally, and making reference to FIG. 6, the anchor 34 may be 
removed by grabbing the support members 42 and pulling 
the loop 46 over the resilient enlarged portion 48 of the 
device 30. When the loop 46 is on the proximal side of the 
enlarged portion 48, further proximal movement of the loop 
46 will fully transition the anchor 34 from the second 
configuration back to the first configuration for removal 
within the catheter 50. 

[0058] Alternatively, by virtue of the support members, 
the anchor 34 may be formed of deformable material such as 



Nov. 13, 2003 



stainless steel. Using this to advantage, the anchor 34 may 
be partially collapsed by the catheter 50 to permit the anchor 
34 and hence the device 30 to be moved and repositioned in 
the coronary sinus after which the resilience of the anchor 
material returns the anchor to its locked and deployed 
configuration. The anchor may be collapsed by the catheter 
50 as illustrated in FIGS. 7 and 8. 

[0059] In FIG. 7, it will be noted that the catheter 50, 
while the device is held stationary by the tether, is moved 
distally over the enlarged portion 48 and the loop 46. The 
anchor 34 is now partially collapsed for movement and 
repositioning. Once repositioned, the catheter may be with- 
drawn to redeploy the anchor 34 which returns to its second 
configuration by virtue of its resiliency and shape memory. 

[0060] As seen in FIG. 8, continued distal movement of 
the catheter 50 causes the anchor 34 to fully collapse. This 
allows the anchor 34 to be totally drawn into the catheter 50. 
Once the anchor 34 is collapsed and within the catheter 50, 
the device 30 may be removed by removing the catheter with 
the device therein or by pulling the device proximally 
through the catheter. 

[0061] FIGS. 9-12 illustrate alternative embodiments of 
the anchor of the present invention. These embodiments are 
once again illustrated in connection with the anchoring of a 
mitral valve annulus therapy device within the coronary 
sinus of a heart. 

[0062] In FIG. 9, the device 30 is shown having a plurality 
of enlarged portions 46. As a result, a plurality of locks are 
provided on the device 30 to enable the fixation members to 
be locked at any one of a plurality of intermediate points 
between the first configuration and a maximum second 
configuration illustrated in FIG. 9. This enables the anchor 
34 to be sized to a given body lumen. 

[0063] FIG. 10 shows another anchor 84 embodying the 
present invention which has a separate fixation member 88 
and support member 92. The second or distal end of the 
fixation member 88 is hingedly coupled to a first or distal 
end of the support member 92 by a hinged connection 94. 
The fixation member 88 may have a hoop configuration as 
the fixation members 38 previously described. 

[0064] FIGS. 11 and 12 illustrated a still further anchor 
104 having a pair of fixation members 108 and correspond- 
ing separate support members 112. Here, the fixation mem- 
bers 108 are formed by immediately adjacent anchor wires 
which, as best seen in FIG. 12, are disposed at an angle to 
permit a cardiac lead, indicated by the dashed circle 120, to 
pass through the anchor and thus be within the coronary 
sinus. Hence, a device having an anchor such as anchor 104 
is compatible with the provision of a cardiac lead therewith. 

[0065] As can thus been seen, the present invention pro- 
vides a new and improved anchor for anchoring a therapeu- 
tic device within a body lumen. The anchor of the present 
invention, by virtue of the lockable support member, creates 
mechanical advantage to assist deployment of the anchor. 
This also increases anchor strength. Because the support 
members may be of hooped or looped configuration, 
increased contact area between the anchor and the body 
lumen can be achieved. In addition, the anchor of the present 
invention allows deactivation and repositioning of the 
anchor or therapeutic device incorporating the anchor. Still 
further, because of the locked support structure, the anchor 
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may be formed of smaller diameter wire, tube wall, or other 
materials which without the locked support provided by the 
anchor of the present invention would be unsuitable for this 
application. 

[0066] While particular embodiments of the present 
invention have been shown and described, modifications 
may be made. It is therefore intended in the appended claims 
to cover all such changes and modifications which fall 
within the true spirit and scope of the invention. 

What is claimed: 

1. A device that effects the condition of a mitral valve 
annulus of a heart comprising: 

an elongated body dimensioned to be placed in the 
coronary sinus of the heart adjacent the mitral valve 
annulus; 

a fixation member carried by the device, the fixation 
member being adjustable from a first configuration that 
permits placement of the device in the coronary sinus 
to a second configuration that anchors the device within 
the coronary sinus; and 

a lock that locks the fixation member in the second 
configuration, 

2. The device of claim 1 wherein the lock is releasable to 
release the fixation member from the second configuration to 
permit the device to be moved within the coronary sinus. 

3. The device of claim 1 wherein the fixation member is 
deformable to permit the device to be moved within the 
coronary sinus. 

4. The device of claim 1 wherein the fixation member is 
adjustable from the first configuration to a maximum second 
configuration and wherein the lock locks the fixation mem- 
ber intermediate the first configuration and the maximum 
second configuration. 

5. The device of claim 4 wherein the lock locks the 
fixation member at any one of a plurality of intermediate 
points between the first configuration and the maximum 
second configuration. 

6. The device of claim 1 wherein the fixation member is 
elongated and has a first end hingedly coupled to the device 
body, wherein the fixation member extends along the device 
body closely spaced to the device body when in the first 
configuration and wherein the fixation member is pivoted 
from the device body when in the second configuration to 
engage the coronary sinus and anchor the device in the 
coronary sinus. 

7. The device of claim 6 further comprising a support that 
renders the fixation member substantially rigid when in the 
second configuration. 

8. The device of claim 7 wherein the support is an 
extension of the fixation member, wherein the fixation 
member includes a second end opposite the first end and 
wherein the lock locks the fixation member second end on 
the device body. 

9. The device of claim 8 wherein the fixation member 
second end is slidable along the device body. 

10. The device of claim 8 wherein the device comprises 
a plurality of the fixation members. 

11. The device of claim 7 wherein the fixation member 
includes a second end opposite the first end, wherein the 
support comprises a support member having a first end 
hingedly coupled to the fixation member second end, 
wherein the support member has a second end opposite the 



support member first end, and wherein the lock locks the 
support member second end on the device body. 

12. The device of claim 11 wherein the support member 
second end is slidable along the device body. 

13. The device of claim 11 wherein the device comprises 
a plurality of the fixation members and support members, 

14. An assembly that effects the condition of a mitral 
valve annulus of a heart, the assembly comprising: 

a mitral valve therapy device dimensioned to be placed in 
the coronary sinus adjacent the mitral valve annulus, 
the device including an elongated body, a fixation 
member carried by the device, the fixation member 
being adjustable from a first configuration that permits 
placement of the device in the coronary sinus to a 
second configuration that anchors the device within the 
coronary sinus, and a lock that locks the fixation 
member in the second configuration; and 

a flexible catheter having a lumen that receives the device 
and being dimensioned to be advanced into the coro- 
nary sinus to place the device adjacent the coronary 
sinus. 

15. The assembly of claim 14 wherein the fixation mem- 
ber is adjustable from the first configuration to a maximum 
second configuration and wherein the lock locks the fixation 
member intermediate the first configuration and the maxi- 
mum second configuration. 

16. The assembly of claim 15 wherein the lock locks the 
fixation member at any one of a plurality of intermediate 
points between the first configuration and the maximum 
second configuration. 

17. The assembly of claim 14 further comprising an 
elongated pusher that is received by the lumen of the 
catheter proximal to the device and that permits the device 
and the catheter to be moved opposite each other. 

18. The assembly of claim 14 further comprising a tether 
receivable by the catheter lumen and engagable with the 
device to pull the device distally with respect to the catheter. 

19. The assembly of claim 18 wherein the catheter tran- 
sitions the fixation member from the first configuration to 
the second configuration. 

20. The assembly of claim 19 wherein the fixation mem- 
ber is elongated and has a first end hingedly coupled to the 
device body, wherein the fixation member extends along the 
device body when in the first configuration and wherein the 
fixation member is pivoted from the device body into the 
second configuration by distal movement of the catheter 
with respect to the device to engage the coronary sinus and 
anchor the device in the coronary sinus. 

21. The assembly of claim 20 wherein the device further 
comprises a support that renders the fixation member sub- 
stantially rigid when in the second configuration. 

22. The assembly of claim 21 wherein the support is an 
extension of the fixation member, wherein the fixation 
member includes a second end opposite the first end and 
wherein the lock locks the fixation member second end on 
the device body when the fixation member second end is in 
a locked position. 

23. The assembly of claim 22 wherein the fixation mem- 
ber second end is slidable along the device body by the 
catheter into the locked position. 

24. The assembly of claim 22 wherein the device com- 
prises a plurality of the fixation members. 
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25. The assembly of claim 21 wherein the fixation mem- 
ber includes a second end opposite the first end, wherein the 
support comprises a support member having a first end 
hingedly coupled to the fixation member second end, 
wherein the support member has a second end opposite the 
support member first end, and wherein the lock locks the 
support member second end on the device body when the 
support member second end is in a locked position. 

26. The assembly of claim 25 wherein the support mem- 
ber second end is slidable along the device body by the 
catheter into the locked position. 

27. The assembly of claim 26 wherein the device com- 
prises a plurality of the fixation members and support 
members. 

28. The assembly of claim 14 wherein the lock is rele as- 
able to release the fixation member from the second con- 
figuration to permit the device to be removed from the 
coronary sinus. 

29. The assembly of claim 14 wherein the fixation mem- 
ber is dcformable to permit the device to be moved within 
the coronary sinus. 

30. An anchor that anchors, in a body lumen, a device 
having an elongated body dimensioned to be placed in the 
body lumen, the anchor comprising: 

a fixation member carried on the device, the fixation 
member being adjustable from a first configuration that 
permits placement of the device in the body lumen to 
a second configuration that anchors the device within 
the body lumen; and 

a lock that locks the fixation member in the second 
configuration. 

31. The anchor of claim 30 wherein the lock is releasable 
to release the fixation member from the second configuration 
to permit the device to be moved within the body lumen. 

32. The anchor of claim 30 wherein the fixation member 
is deformable to permit the device to be moved within the 
body lumen. 

33. The anchor of claim 30 wherein the fixation member 
is adjustable from the first configuration to a maximum 



second configuration and wherein the lock locks the fixation 
member intermediate the first configuration and the maxi- 
mum second configuration. 

34. The anchor of claim 33 wherein the lock locks the 
fixation member at any one of a plurality of intermediate 
points between the first configuration and the maximum 
second configuration. 

35. The anchor of claim 30 wherein the fixation member 
is elongated and has a first end hingedly coupled to the 
device body, wherein the fixation member extends along the 
device body closely spaced to the device body when in the 
first configuration and wherein the fixation member is piv- 
oted from the device body when in the second configuration 
to engage the body lumen and anchor the device in the body 
lumen. 

36. The anchor of claim 35 further comprising a support 
that renders the fixation member substantially rigid when in 
the second configuration. 

37. The anchor of claim 36 wherein the support is an 
extension of the fixation member, wherein the fixation 
member includes a second end opposite the first end and 
wherein the lock locks the fixation member second end on 
the device body. 

38. The anchor of claim 37 wherein the fixation member 
second end is slidable along the device body. 

39. The anchor of claim 37 comprising a plurality of the 
fixation members. 

40. The anchor of claim 36 wherein the fixation member 
includes a second end opposite the first end, wherein the 
support comprises a support member having a first end 
hingedly coupled to the fixation member second end, 
wherein the support member has a second end opposite the 
support member first end, and wherein the lock locks the 
support member second end on the device body. 

41. The anchor of claim 40 wherein the support member 
second end is slidable along the device body. 

42. The anchor of claim 40 comprising a plurality of the 
fixation members and support members. 

# * + + * 
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